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THH  RATK  OF  OXIDATION  OI-  ARSHMOl'S  ACID  BY 
CHROMIC  ACID. 


BY    RALPH    E.    HE  UlRV 

The  following  mfasuremcnts  togt'thcr  with  those  on  the 
rate  of  oxidation  of  iodide  by  chromic  acid'  constitute  u 
necessary  prcliminan,-  investigation  to  the  study  of  the  rates 
of  the  reactions  in  soluti(>ns  containing  arsenious  acid,  iodide, 
bichromate  and  sulphuric  acid.' 

In  all  of  these  experiments  the  concentration  of  tlu' 
arsenious  acid  was  small  and  the  sulphuric  aciti  and  {wtassiuin 
bichromate  concentrations  relatively  large,  so  tliat  the  result 
might  be  directly  comparable  with  the  measurement  in  whi'  i 
iodide  was  present.  It  was  consequently  possible  to  consider 
the  concentrations  of  the  sulphuric  acitl  and  bichromate  as 
constant  in  the  expi-rinicnts  of  each  table. 

Method  ;  f  Experimenting: 

A  supply  of  distilled  water  and  dilute  solutio'is  of  potas- 
sium bichromate,  sulphuric  acid  and  arsenious  acid  were  kept 
at  o°  C  in  a  thermostat.  The  bichromate  and  sulphuric  acid 
and  some  of  the  water  were  measured  into  a  Ix-aker  clamped 
down  in  the  bath;  the  arsenious  acid  mixed  with  the  rest  of 
the  water  necessary  to  make  up  the  required  total  volume, 
was  thrown  into  the  beaker  from  a  large  test-tulK',  the  re- 
acting mixture  violently  stirred  and  the  time  noted.  To  stop 
the  reaction  a  quantity  of  ammonium  bicarlxinate  solution 
more  than  sufficient  to  neutralize  the  acid  present  was  added 
to  the  beaker  and  the  contents  were  thoroughly  stirred.  The 
residual  arsenious  acid  was  then  determined  by  titration 
with  volumetric  iodine  and  arsenious  acid. 
Solutions  Employed 

The  following  stock  solutions  were  prepared : 

Potassium  Bichromate,  KjOrjJ^,  o.  i  F,  or  0.6  A',  prepared 

'  De  Lury  :  Jour.  Phy».  Chem.,  7,  JJ9  ( 1903). 
'  Ibid.,  immediately  following  the  present  paper. 
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by  tlissolvinx  sN<>  Kri""^  <'f  •'"'  puri'  "^'l*  i"  •  liters  of <listille(l 
watiT. 

Sulphuric  Aiut.  HM(\,  n.i)<>-  A',  staii(lar(li/.f(l  ^ravi- 
iiU'trk-ally  with  l>uriuiii. 

Arsinious  Aciil,  A\.J>,,  11.025  '  .  <"■  <>  '  V,  prepared  by 
dissolving  <;.<;u  xranis  of  puri'  lump  wliiti-  arsi-nic  '  in  hot 
wattT  and  diluting  to  2  htirs  with  <listillfd  watt-r;  iK-forc  uso 
the  solution  was  diluti-<l  to  tin  timis  Us  volumi-  with  iKiiU-d 
distilled  water  (to  prevent  slow  oxidation  l)y  ox^jyen). 

/«(//«(■,  approxiniatel\'  o.  i  .V,  prepared  by  dissolving 
resublinied  iixline  in  potassium  icMlide  solution  and  dilutinK- 
I'or  titrating,  this  solutipii  wa--  diluted  to  ten  times  its  volume 
aud  compared  fre(|uently  wii'i  the  volumclrie  arsenious  acid 
solution. 

An.moniupi  Hiaithonutc,  "  restrainer,"  prepared  by  passing 
carbon  dioxide  into  a  saturated  solutipn  of  commercial  ammo- 
nium carlx)nate,  diluting  with  its  own  volume  of  water  and 
again  saturating  with  carbon  dioxide. 

S*arch  Snlulion,  "indicator,"  prepared  frequently  by  dis- 
solving a  gram  or  two  of  starch  in  soo  cc  of  boiling  water, 
cooling  and  allowinjj  to  settle. 

Explanation  of  the  Tables 

After  CV  and  .4c  at  the  head  of  the  tables  are  given  the 
amounts,  expressed  in  io~^  gram.-formula-weights  (1.  c,  in  cc 
of  0.01  sqlution)  of  K^Cr/),  and  HjSO,  respectively;  after 
As  the  amount  of  .4^/),,  the  unit  l)«ing  0.25  X  lo""'  gram- 
formula-weights  (/.  .f.,  I  cc  of  0.01  V  solution);  after  lO/.  is 
given  the  volume  of  the  reacting  mixture  in  cubic  centimeters. 

The  constant  k  is  defined  bv  the  equation,  k  •=    .log...  , 

'  /      *  "As — .r, 

where  x  is  the  amoimt  (expressed  in  cc  of  0.01  .V  solution) 

of  arsenious  acid  oxidized  in  /  minutes.     After  Avg.  at  the 

end  of  the  tables  is  given  the  average  of  the  constants;  in 

taking  the  average,  bracketed  numlx-rs  were  omitted. 


A'/i/c  of  O.iiiiulion  <>/  .li  ><  nioii*  .Uui 
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TABI.K  I  Tahlk  II 

.4s,  <).94:    Cr.  141J;   Ac.  484:    (',./.,  51x1    -Iv,  i).t;4:  Tr,  .••>S;    -<r,  4S4 ;    IW  .  50 

t  .Is      X  X  t  t  ./t-  I  r  * 


/»i. 


7-54 
6.53 
6.04 

3-9« 


i.4o 
.«-4' 
3-*>" 

4-74 
6.0.1 


Wty 


<>.n6o 
o.ofti 
11.054 
0.056 
0.058 
<..o58 


9-94; 
.U 


Tabi.k  III 
"r.  447 ;  .Ac,  afi 


7-51 
6.05 

5.00 


-'•4« 

4-94 

'>.ol 


.1.  108 
l>.  liO 
(.108 

Avg.  0.1 10 


'  'oL,  \*>  As.  4.95 ; 


Taiilk  IV 
rr,  141):  Ae.  484;   I'll/.. 


6.46 
4S4 


y-i^ 


0.187 
0.170 


-4 IX'   o.i7g 


4-4S 

.^•92 

.V44 

^.02 


As,  9.94 

/         .As  —  X 


Table  V 
Cr,  149;   .Af.  968;    JW,  5CXJ.45,  9.94; 


C"r, 


0.51 
I. "I 

1-9.5 
2J3 


(0.046) 
0.05 1 
o.o5.< 
0.054 
0.05J 
Avg.  0,052 


Tabi.k  VI 

149:   Ac,  lis: 


As 


\'ol..  t<« 


I 
'■5 

"a 

2-5 
3 


6.61 

556 
4.70 

3-93 
3-«7 


3-33 
4.38 
5-24 
6.01 

6.77 


(0.177) 
0.168 
0.163 
o.  161 
o.  1 66 
.Avg.  0.164 


I 

'■5 
2 

2-5 

3 
4 


7.58 
6.79 
596 
5-4" 
4-83 
3.80 


2.36 
3.I.S 
3.98 
4-54 
.S" 
6.14 


Avg 


(0.118) 
U.I  10 

0.1 1 1 

o. II t6 
0.105 
0.104 
0.107 


In  the  measurements  of  Tables  I  -VI  tlie  residual  arsenious 
acid  was  not  always  titrated  immediately  after  adding  the 
restrainer;  this  introduced  an  error  due  to  oxidation  of 
arsenious  acid  in  alkaline  solution.'  In  the  measurements  of 
Tables  VII-X\'I  the  arsenious  acid  was  titrated  with  icxliiie 

'  KcMler:  Pogg.  Ann  ,  113,142(1861).  In  an  averanrcase  (Tal.le  XIV), 
it  was  found  that  atiout  o.o.s  (c  of  o.oi  A'  arsenioua  acid  soUition  was  oxidized 
in  oie  minute  after  adding  the  restrainer. 
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in  the  ice  bath  immediately  after  stopping  the  reaction;  to 
make  the  end-point  distinct,  a  hght  and  reflector  and  beakers 
coated  with  white  enamel  were  used.  The  constants  of  these 
tables  are  more  uniform  than  those  of  the  alx)ve  six  tables. 


Tablk  VII  (under  C(),)  Table  VIII 

As.  lo.oo;   Cr,  20;  Ac,  242;    Vol..      k>As,  io.(X>;  Cr,  20;   Af.   242:    fW.,  300 

'         -Is  —  jr  .r  t 


.is 


5 

8.77 

1-2.^ 

0.0 1 14 

5 

8.79 

1.21 

0.01 12 

10 

7.67 

2-33 

0.01 15 

10 

7.66 

2-34 

0.01 16 

15 

6.69 

3-3 1 

0.01 16 

15 

6.72 

3-28 

0.01 15 

20 

5-90 

4.10 

0.01 1.S 

20 

6.01 

3-99 

0.01 1 1 

Az:^r 

0.01 1 5 

25 

5.20 

4.80 

0.01 14 

30 

4-75 

5-25 

Avg- 

(0.0108) 
0.01 14 

Table  IX  Table  X 

As,  20.00;  Cr.  20;  Ac,  242;    Vo/..  MxiAs.  5.00;    Cr,  jo;     1c,  242;    Vol.,  300 


^s  —  .r 


As-jf 


5 

17-32 

2.68 

0.0121 

5 

4-37 

0.61 

0.01 17 

10 

>5.27 

4-73 

0.01 17 

10 

3-84 

i.i6 

0.01 15 

15 

»3-5o 

6.50 

0.01 14 

'5 

3-32 

1.68 

0.01 12 

20 

11-95 

8.05 

0.01 12 

20 

2.97 

2.03 

0.01 13 

Arg^. 

0.01 16 

25 

2.59 

2.41 

0.01 14 

30 

2.29 

2.71 

Avg. 

0.01 13 
0.01 14 

Table  XI  Table  XII 

As,  10.00;  Cr,  20;  Ac,  484;    Vo/..  iOoAs,  5.00;    Cr,  20;   Ac,  484;     Vo/.,  300 

t    I    As-x    \         X  *  /        ^s  -X    '        X         !'         k 


5 

6.83 

3-  J  7     0.0332 

5 

3-48 

1-52     0.0315 

10 

4-«3 

5-17     0.0316 

10 

2-47 

»-53   1  0.0306 

"4 

3-71 

6.29     0.0307 

'5 

1-77 

3-23   !  0.0301 

Avg.  0.0318 

20 

i-,V) 

3.70     0.0293 

25 

0.96 

4-04  !  0.0287 

Avg.  0.0300 

Kail-  of  Oxidation  of  Arseiiioiis  .It  id 


As 


.Is 


5« 


Table  XIII  Table  XIV 

As,  io.(»;   Cr,  40;  Ar.  242;    (c>/.,  },oo  As,  5.i><>;    (>,  40;    Ar,  242;    Vo/.,  .v  o 


5 

7-77 

2.2,;                0.0219 

5 

4-'>.'> 

0.95 

(o.oiS,;) 

10 

6.07 

3.93                0.0217 

10 

,^24 

1.76 

0.0188 

15 

4.78 

5.22                0.0214 

•4 

2-5,S 

2.45 

«).o2(>9 

Az'g.  0.0217 

15 

2.51 

2.49 

0.0202 

20 

1.92 

,;.o8 

0.0208 

25 

1.76 

3-24 

(O.OI.Sl) 

,V) 

'•37 

3.f>3 
At 

0.0188 

'ff.  0.0200 

'       M  XV  Table  XVI  {/o"  O 

As,  10.00;   G    .       Ar,  121;    lo/.,  300. /i,  io.(¥);  Cr,  20:   Ar,  242;   Ku/.,  ,W)<) 


.-/i 


I 


As 


K 

9.00 

1. 00 

0.1x146 

10 

7- '5 

2.85          0.0146 

20 

8.20 

1.80 

0.004,; 

15 

6.10 

,;.<)<)            0.0146 

22.5 

7-99 

2.01 

0.004,; 

20 

.5.  IS 

4.82            0.014,; 

30 

7.38 

2.62 

0.004,; 

At'g-.  0.0144 

ATg'.  0.0044 

The  oxygen  of  the  air,  while  it  affects  the  oxidation  of 
arsenite  in  alkaline  solution,  has  no  effect  on  the  oxidation  of 
arsenious  acid  by  chromic  acid.  This  is  seen  by  comparing 
Tables  VII  and  VIII.  The  measurements  of  VII  were  made, 
using  solutions  free  from  air  and  protecting  the  reacting 
mixture  with  carbon  dioxide;  those  of  \'III  were  made,  taking 
no  precautions  to  exclude  air.  The  constants  and  As-.x 
readings  agree  closely. 

I  further,  satisfied  myself  that  arsenic  acid  of  the  con- 
centration formed  in  the  experiments  has  no  effect  on  the  rate 
of  oxidation  of  arsenious  acid. 

Discussion  of  the  Results  ' 

Efject  oj  tin  Arsenious  Acid.-'Vhc  fair  constancy  of  k 
throughout  the  tables,  more  particularly  in  Tables  VII  XVI 
\vhcre  special  precautions  were  taken,  leads  to  the  conclusion 
that  the  rate  of  oxidation  of  arsenious  acid  by  chromic  acid  is 
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proportional  to  the  first  power  of  the  coneentration  of  the 
arsenious  acid;  conclusive  proof  of  this  is  furnished  by  the 
fact  that  k  is  unaffected  by  changing  the  concentration  of  the 
arsenious  acid  (Tables  I  and  IV;  VII,  VIII  and  IX;  \I  and 

A.1I). 

P-ncct  oj  the  Bichromate.— BouhWn?,  the  concentration 
of  the  bichromate  nearly  doubles  the  constant,  or  halves  the 
tune  necessar>  for  the  oxidation  of  the  same  amount  of  ar- 
senious acid  (Tables  I  and  II;  VII,  VIII  and  XIII;  Xand  XIV) 
Trebling  Cr  trebles  k  or  divides  by  three  the  time  necessary 
for  the  oxidation  of  a  fixed  amount  of  arsenious  acid  (Tables 
I  and  III).  The  rate  of  oxidation  of  arsenious  acid  is  thus 
nearly  proportional  to  the  first  power  of  the  concentration  of 
the  bichromate.  This  deviation  from  an  exact  first  power 
may  be  attributed  to  incomplete  dissociation  of  HjCr  O 
To  account  for  the  fall  in  the  constant  it  is  necessary  to  assume 
that  the  dissociation  of  the  chromic  acid  in  mixture  VIII  is 
about  7  percent  greater  than  in  XIII.' 

Eflect  oj  the  Sulphuric  Acid.—U  the  concentration  of  the 
sulphuric  acid  be  doubled  the  c  tant  is  nearly  trebled,  or 
the  time  needed  to  oxidize  the  sanu  amount  of  arsenious  acid 
is  divided  by  three  (Tables  I  and  V,  VII,  VIII  and  XI).  The 
results  of  Table  VI  are  in  accord  with  this.  The  rate  may 
thus  be  set  proportional  to  the  1.4/A  or  1.5/A  power  of  the 
concentration  of  the  sulphuric  acid.  The  deviation  from  a 
sharp  second  power  is  probably  due  to  the  influence  of  the 
hydrogenion  on  the  dissociation  of  the  arsenious  acid;  it  is 
quite  possible  that  arsenious  acid  in  more  than  one  form 
(ions  or  undissociated  acid)  reacts  with  chromic  acid,  and  the 
rates  of  these  reactions  involve  different  powers  of  the  con- 
centration of  the  hydrogenion,  the  resultant  power  iK-ing  the 
i.4</i  in  the  above  experiments. 

Effect  oj  the  Temperature.  For  an  increase  of  10°  C  in 
the  temperature  the  constant  is  increased  from  0.0114  to 
0.0144  (Tables  VIII  and  XVI);  that  is,  the  rate  is  in- 
creased only  26  percent,  a  very  low  temperature  effect  indeed. 

'  S«e  also  Jour.  Pliys.  Cbem.,  7,  jiS  ( 1903). 
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The  experimental  results  of  this  investigation  are  sum- 
marized in  Table  XVII.     K  is  defined  by  the  equation  (V"t>/. 

300  cc), 

dx 


dt 
K 


A\As-x).C>''9./IC*, 


and  hence 

2.30  *        j  Vol]  " 
Cr"'>.Ac'*  '    \  3<K'  J 
It  will  be  seen  that  the  value  of  A'  is  fairly  constant 

throughout. 

Table  XVII 


Table 


As 


Cr 


A,         I  ol. 


K    ■    10" 


I 

9-94 

149 

484 

500 

0.058 

84 

II 

9-94 

298 

484 

500 

0.1 10 

85 

III 

9-94 

447 

484 

500 

«.  1 78 

95 

IV 

4-95 

149 

484 

500 

0.052 

75 

V 

9.94 

149 

968 

5o<J 

0.164 

89 

VI 

9.94 

149 

726 

500 

0.107 

87 

VII 

10.00 

20 

242 

300 

0.0115 

82 

VIII 

10.00 

20 

242 

300 

0.0114 

82 

IX 

20.00 

20 

242 

300 

0.0116 

83 

X 

5.00 

20 

242 

300 

0.01 14 

82 

XI 

10.00 

20 

484 

300 

0.03 1 8 

86 

XII 

5.00 

20 

484 

300 

0.0300 

81 

XIII 

10.00 

40 

242 

300 

0.0217 

83 

XIV 

5.00 

40 

242 

300 

0.0200 

77 

XV 

5.00 

20 

121 

3of) 

0.0044 

83 

Summary 

The  rate  of  oxidation  of  arsenious  acid  (dilute  solutions) 
by  bichromate  and  sulphuric  acid,  is  proportional  to  the  first 
power  of  the  concentration  of  the  arsenious  acid,  the  0.9"' 
power  of  the  concentration  of  the  bichromate  and  the  1.4//1 
power  of  the  concentration  of  the  sulphuric  acid,  that  is, 

~  -.-  K(As  —  x).Cr<">.Ac'*. 
dt 

The  effect  of  tempe'ature  on  this  reaction  is  unusually 
small;  for  an  increase  of  10°  C  the  rate  is  increased  only  26 
percent. 

Univerdly  of  Toronto, 
May,  1903 


THE    INDUCTION    BY     ARSENIOUS    ACID    OF    THE 

REACTION  BETWEEN  CHROMIC  AND 

HYDRIODIC  ACIDS 


BY   RALPH    K.    DE  UURY 

It  has  long  been  known  that  the  process  of  oxidation  in 
solution  can  often  be  hastened  by  the  presence  of  a  small 
quantity  of  some  easily  oxidizable  substance.  This  phe- 
nomenon is  called  induced  oxidation  :  the  name  acceptor  is  given 
to  the  substance  whose  oxidation  is  accelerated  and  the 
reagent  causing  the  acceleration  is  called  the  inductor.  Fer- 
rous sails,  arscnious  acid  and  nitric  oxide  act  as  inductors 
and  iodide  as  acceptor  for  the  oxygen  of  chromic  acid. 

About  the  middle  of  the  last  century  many  cases  of 
induced  oxidation,  occurring  chiefly  in  the  development  of 
methods  of  analysis,  were  noted  and  classified  by  Schonbein. 
Kessler  and  others.  By  selecting  various  combinations  of 
reducing  and  oxidizing  agents  the  number  of  similar  cases 
might  be  multiplied  indefinitely.  Many  of  these  cases  have 
been  studied  qualitatively  and  to  a  certain  degree  quan- 
titPtively,  and  the  attempts  to  explain  the  results  of  these 
investigations  have  led  to  the  de\elopment  of  the  peroxide 
theory  so  ably  championed  by  Manchot.' 

The  peroxide  theorj'  is  based  on  a  considerable  amount  of 
qualitative  and  some  quantitative  data,  and  on  the  fact  that 
some  peroxides  are  known  to  be  formed  in  the  process  of 
oxidation,  such  as  hydrogen  peroxide  and  benzoyl  hydro- 
peroxide: these  peroxides  may  be  regarded  as  the  primary 
products  of  the  oxidation  of  hydrogen  and  bcnzaldehyde 
respectively. 

However,  if  a  non-isolable  peroxide,  regarded  as  the  cause 

of    induced    oxidation,    be    formed,    its    formation    can    be 

ascertained  only  by  a  careful  study  of  the  rates  of  all  the 

reactions  involved,  since  it  is  as  an  explanation  of  these  rates 

'  Lieb.  Aim.,  jaj,  95  (190a). 
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that  the  peroxide  theory  is  advanced.  This  obvious  inetho<l 
of  attacking  th.;  problem  has  been  neglected,  no  doubt  on 
account  of  the  difficulties  of  analysis  which  such  a  method  in 
general  presents;  hence  the  quantitative  investigation  of  such 
cases  has  been  chiefly  confined  to  the  measurement  of  the 
ratio  of  the  amounts  of  inductor  and  acceptor  oxidized  when 
the  reaction  is  complete. '  Such  a  method  will  often  give  the 
oxidizing  value  of  the  intermediate  product  but  the  results 
are  not  reliable  or  sufficient. 

The  only  case  of  which  '  am  aware  to  which  the  method 
of  stud>ing  all  the  rates  involved  has  been  applied  as  yet, 
is  the  reactions  in  solutions  containing  chromic  acid,  iodide 
and  ferrous  salt'  investigated  by  Miss  C.  C.  Bet'son,  and 
curiously  enough  the  results  are  not  in  accord  with  the  peroxide 
theory. 

In  the  present  paper  I  communicate  the  results  of  measure- 
ments of  the  rates  of  the  reactions  in  solutions  containing 
chromic  acid,  iodide  and  arsenious  acid  and  am  able  to  show 
that  the  assumption  of  the  formation  of  a  peroxide  explains 
the  induction  in  this  case.  The  rates  of  oxidation  of  iodide' 
and  of  arsenious  acid*  by  chromic  acid  hav  already  been 
studied  by  myself. 

Plan  of  the  Investigation 

In  solutions  containing  potassium  io<lide.  arsenious  acid, 
potassium  bichromate  and  sulphuric  acid  the  following  re- 
actions may  occur: 

A.     Oxidation  of  the  iodide  by  chromic  acid, 

pAY-f  A'.Cr.O,  +  7H,SO,  r_=  ^?A7,  -f  Cr.(50.),  ^-  4k\S0,  1   7///), 


■  Manchot:  loc.  cit.;  Schilow:  Zeit.  phys.  Ctiem.  4a,  641  ( 1903). 
"  Jour.  Phys.  Chem.,  7,  356  ( 1903). 
'  Ibid.,  7.239  (igo.l)- 
'  Ibid.,  11,47  ('907). 


56 


Ralph  /■:.  De  l.iiry 


wliose  rate  at  o"  C,  may  be  represented'  approximately  by 
the  kinetic  equation:' 

'(O      Ric      /     /o-".Cr.(,4r)"JA7+o.oo^(A'/)l  (i) 


dt 


/?.     Oxidation  of  arsenious  acid  by  chromic  acid, 

In  the  absence  of  potassium  iodide  the  rate  of  this  reaction 
at  o°  C,  ni   \   be  represented  by  the  equation:' 


dAs 
dl 


(f)       Rac      SjX/o-^.As.(Cr)'^.(Ae)'* 


M 


C.     Oxidation  of  the  iodide  by  arsenic  acid  formed  in 
the  reaction, 

6h'/  \  As,C\  +  2H,S0t-    ^AY,  r   AsX\      2h\S0,   ■   ifffi, 

and  the  rate  of  this  re:iction  at  o°  C,  may  be  represented* 
thus : 


dl 


(a)  =  Ria      4^  ro-'^.As.KI.Ac 


(3) 


'  A'/,  Cr  and  Ac  denote  the  amounts  of  potassium  iodide,  potassium  bi- 
chromate and  sulphuric  acid  respectively,  expressed  in  10—5  gram-formula- 
wcights(i.  e.  iurr.ofo.oi  ^solution):  the  same  unit  as  employed  in  the  meas- 
urtiiients  on  the  rale  of  oxidation  of  iodide  by  chromic  acid  (loc.  cit. ).     Ai  and 

.is  denote  respectively  the  amounts  of  arsenious  acid  and  arsenic  acid  ex- 
pressed in  0.25x10-5  gram-formula-weights  (i.  e.  in  cc.  of  cor  ..V  solution); 
this  uuit  is  selected  in  order  to  facilitate  comparison  between  the  iodine  and 
arsenious  acid  readings  in  the  Tables  which  follow.  /,  denotes  the  "free 
iodine"  in  0.5x10-5  gram-forniula-weights  (i.  e.  in  a.  of  0.01  A'  solution). 
Tlie  letter  R  denotes  rate;  Ric  denotes  the  rate  of  oxidation  of  iodide  by 
chromic  acid;  Rac  denotes  the  rate  of  oxidation  of  arsenious  acid  by  chromic 
acid,  etc.  In  the  subscripts  ic,  ac.  etc.  the  letters  «',  a,  c,  suggest  iodide  (or  tri- 
iodide),  arsenious  acid  (or  arsenic  acid),  and  chromic  acid  respectively: 
the  letter  which  goes  first  denoting  the  substance  oxidized  and  the  second  letter 
the  substance  oxidizing. 

The  constants  are  calculated  for  a  volume  of  300  cc. 

'  De  Lury:  loc.  cit. 

'  The  paper  just  preceding  the  present  paper. 

'  Roebuck :  Jour.  Phys.  Chem.,  6,  365  ( 1902).  In  conceutrated  solutions 
the  indices  of  the  power  of  AV  and  Ac  are  greater  than  1. 
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D.     Oxidation   of   the   arstnious   acid   by    the   triiodide 
formed  in  the  reaction, 

whose  rate  at  o°  C,  is  expressed  by  :' 


JAs  ,  .  ''A  /  \ 


Rat      f  ■  ,o-* /,.As{K/)-'.(Ac)-'  (4) 


E.  Oxidation  of  the  iodide  due  to  the  influence  of  the 
arsenious  acid;  the  symbol  Kip  denotes  the  rate  of  this  re 
action.' 

In  orde  to  simpHfy  the  study  of  the  rate  of  reaction  /•- 
the  concentrations  of  the  reagents  were  selected  so  as  to 
reduce  the  rates  of  reactions  A.  C  and  f)  as  much  as  possible. 
Of  these,  reaction  C  {Ria)  gave  no  trouble  at  all  since  che 
rate  constant  is  very  small  and  no  arsenic  acid  was  present 
except  that  formed  in  reactions  B  (Rac)  and  I)  {Rai).  The 
loss  of  /,  by  reactio-  D  could  not  be  prevented  by  high  con- 
centrations of  KJ  and  Ac  without  unduly  increasing  Ric,  and 
in  the  end  it  was  found  necessary  to  remove  the  iodine  as  soon 
as  it  was  liberated  by  the  use  of  thiosulphatc  (see  page  58). 

Thus  in  my  experiments  Ria  and  Rai  were  negligibly 
small,  and  therefore, 


dAs 
dt 

dh 


Ra      Rac-\  M^ 


dt 


Ri^    Ric  \   Rip 


(5) 
(6) 


and  Ric  being  determined  by  blank  experiments  Rip  is  ob- 
tained by  difference. 

EXPERIMENTAL  PART 

It  was  necessary  to  determine  the  quantities  of  iodide  and 
arsenious  acid  oxidized  at  any  stage  of  the  reaction.  Three 
methods  of  analysis  were  tried. 

First  Method.— "^'Yv^n  a  suitable  inteival  had  elapsed  the 

'  Roebuck  :  Loc.  cit. 

'  />,  for  peroxide  iu  aiilicipatioii  of  the  tbcorj-  (sec  p.  78). 

'  M  is  the  modification  in  Rac  due  to  the  iodide  (see  p.  73). 
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conctntratioii  of  the  acid  was  reduced  by  addition  of  sodium 
bicarbonate,  the  iodine  quickly  titrated  with  sodium  thio- 
sulphate,  excess  of  ammonium  bicarbonate  added  and  the 
residual  arsenious  acid  titrated  with  iodine.  This  method  was 
not  successful. 

Second  Mcthod.—Alter  the  reaction  had  proceeded  for 
some  time  excess  of  ammoniun.  bicarbonate  was  added  and 
the  arsinious  acid  titrated  with  iodine.  In  a  duplicate  ex- 
periment after  the  same  interval,  a  measured  quantity  of 
0.002  A'  thiosulphate  solution,  slightly  in  excess  of  the  iodine 
present,  was  thrown  into  the  reacting  mixture,  with  violent 
stirring  just  before  the  ammoniun.  bicarbonate  which  served 
as  restrainer.  Starch  was  then  added  and  the  arsenious  acid 
and  residual  thiosulphate  titrated  with  iodine,  the  iodine 
added  being  the  sum  of  th.-  arsenious  acid  and  a  junction  of 
the  remaining  thiosulphate.  From  these  two  measurements 
the  arseniou;  acid  oxidized  and  the  iodine  present  could  be 
determined  if  this  function  were  known.  Experiments  showed 
that  it  depended  on  so  many  variables  that  no  reliable  deter- 
minations could  be  made,  and  the  method  was  abandoned. 

Third  Method.— In  the  end  a  modification  of  Harcourt 
and  IJsson's  compensation  method  was  found  to  serve,  and 
•  was  adopted   in  all  the   measurements  of  this  paper.     The 
details  of  the  method  arc  as  follows: 

Method  of  Makingr  the  Measurements 

Distilled  water  and  dilute  solutions  of  potassium  bi- 
chromate, sulphuric  acid,  potassium  iodide  and  arstuious 
acid  were  kept  at  o°  C  in  a  thermostat.  The  bichromate, 
sulphuric  acid  and  water  were  mixed  in  a  beaker  coated  on  the 
outside  with  white  enamel.  In  a  large  test-tube  the  iodide 
and  arsenious  acid  were  mixed  and  a  little  starch  solution 
added.  At  a  suitable  time  the  contents  of  the  test-tube  were 
thrown  into  the  l)eaker  with  violent  stirring,  and  a  stop- 
watch set  going  by  pressure  of  the  f'X)t. 

Over  the  beaker  was  clamped  a  lo  cc  burette  from  which 
o.Gi  A'  sodium  thiosulphate  solution  was  added  drop  by  drop 
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as  the  reaction  proceeded,  can-  being  taken  to  keep  tlie  solu- 
tion in  the  beaker  as  near  as  possible  free  from  lK>tli  i(xline 
and  thiosulphate.  A  number  of  readings  of  the  burette  were 
made  during  each  experiment,  and  finally  after  a  definite 
interval  the  reaction  was  stopped  with  excess  of  ammonium 
bicarbonate,  and  the  residual  arsenious  acid  titrated  im- 
mediately' with  iodine. 

To  test  the  methotl  of  analysis  the  measurements  re- 
corded in  Tables  1,  II  and  III  were  made.  In  these  tables, 
"yellow"  denotes  "slight  excess  of  thiosulphate,"  and  "srafi" 
denotes  "slight  excess  of  iodine,"  that  is,  just  enough  to  keep 
the  reacting  mixture  bluish  green  with  the  starch  present : 
"close"  means  "as  near  as  jmssible  free  from  lioth  thiosul- 
phate and  iodine." 


Table  I 
As,  io.f«;    /C/,  9-8;    Cr,  20;    Wr,  484      As.  icoo 


Table  II 
Kl,  245;   Cr,  20;   Ac,  242 


linutes 

a 

tliiosiitpliate 

Minutes 

(V  ttlioMiljill.lte 

5-« 
5.1 

1.59  yellow 
1.31  close 
1.09  green 

9-5 
9-5 
9.6 

2.(X)  yellow 
2.f)0  cIp^i' 
2.01  >  ijrecn 

Table  III 

A. 

•,  10.00 ;  Kl, 

98: 

Cr, 

20 ;  Ac. 

242 

cclh 

iosulphi 

0.53 
1. 00 
1.50 
2.00 

te 

yellow 
MittHles 

3-2 

6.0 

11.9 

close 
Wnules 

3-5 

6.2 

9.1 

12.0 

1 
1 

gnen 
Minulis 

3-3 

6.2 

8.8 

12.0 

In  Table  1  where  the  concentration  of  the  iodide  was  low 
the  amount  of  thiosulphate  needed  to  neutralize  the  iotline 
liberated  in  a  fixed  interval,  depends  on  the  methwl  of  w.jrk- 
ing.  This  is  due  to  the  absorption  of  iodine  by  arsenious 
acid,  and  as  the  rate  of  this  reaction'  is  inversely  proportional 

'  To  piTveiit  oxidation  of  the  araenite  in  the  alkaline  solntinti  of  rhro- 
mate  and  oxygen. 

•  See  equation  (4). 
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to  the  squan-  of  thf  concintratum  of  the  iodide,  the  difTerence 
in  tile  tliiosulphate  readiiiifs  Ixeoines  less  when  the  conc-entra- 
tion  of  the  icxiide  is  increased  and  disapjx-ars  when  the  iodide 
concentration  is  e(|ual  to  (or  Rreater  than)  ten  times  the  con 
centration  of  the  arsenions  acid  (Tabk-s  II  and  III).  The 
fact  that  in  thtse  last  two  tables,  the  readings  made  when  the 
mixture  was  '  yillou"  and  ■gran"  are  the  same  is  proof  that 
the  oxidation  of  tliiosulphate  by  chromic  acid'  is  negligible. 
In  those  of  my  measurements  where  the  concentration  of  the 
icKlide  was  small,  I  was  careful  to  keep  the  reacting  mixture 
slightly  -yvlluu"  until  near  the  end  of  the  internal  desired; 
this  invoUed  an  apiiroximate  knowledge  of  the  rate  at  which 
the  iodine  was  Ixing  lilH-rated  and  in  some  cases  necessitated 
the  duplication  of  the  experiments. 

A  number  of  blank  experiments  carried  out  for  the 
purpose,  showed  that  neither  the  oxygen  of  the  air,  nor  the 
arsenic  acid'  and  tetrathionate'  formed  in  the  reaction,  affected 
the  rates. 

Solutions  Employed 

In  addition  to  the  solutions,  K^Crp,,  o. i  /•'  or  0.6  A'; 
H^O^,  approximately  o.i  A';  .-l.v.O,,  0.025  ^'  or  o.i  A  ;  ammo- 
nium bicarbonate  and  starch,  employed  in  the  measurements 
on  the  rate  of  oxidation  of  arsenious  acid  by  chromic  acid,  a 
solution  of  potassium  iodide  0.098  F  (standardized  by  silver) 
and  approximately  o.oi  A'  solutions  of  thiosulphate  and 
iodine  (standardized  by  comparison  with  the  arsenious  acid), 
were  used. 

Explanation  of  the  Tables 

After  A7,  Cr  and  .4c  at  the  head  of  the  tables  arc  given  the 
amounts,  expressed  in  io~'  gram-formula-weights  <i.  e.,  in  cc 
of  0.01   F  solution)  of  A7,  K,Crp,  and  HJSO,  respectively 

'   See  Bell;  Jour.  TIivs.  Clieni,,  7,  61  (  1903). 

'  See  equatiuii  (?)  almve,  et  seq. 

'  The  concentration  of  the  tetrathionate  is  not  large  enough  to  cause  any 
error  due  to  liccoinpuaitiun  in  tbe  alkaline  Milution  during  the  short  interval 
between  adding  the  bicarbonate  and  the  completion  of  the  titration. 
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(the  same  unit  as  iinployt-*!  in  the  nuasurtiiitnts  of  tlie 
oxidation  of  io<li(li-);  after  As,  the  amount  of  .4v,(',,  tlic  unit 
Ix'inR  0.25X10  '  Krani  forniula-wtiRhts  (1.  <.,  i  cr  0.01  A' 
solution),  this  unit  is  stlfcti<l  so  as  to  facihtatt-  comparison 
Ix-twicn  the  itxline  and  arsenious  acid  readings. 

I'nder  /  are  entered  the  durations  of  the  reaction  in 
minutes.  I'nder  h  are  ^wvn  .>e  amounts  of  thiosulphate 
{"hype-"),  added  from  the  small  burette  (luring  the  reaction 
expressed  in  cc  of  0.01  A'  solution.  I'nder  .4i  t'  are  entered 
the  amounts  of  arsenious  acid  remaining  unf)xidi7.ed  after  / 
minutes,  expressed  in  a  of  0.01  A'  sf>lution;  v'  ihus  represents 
the  amount  of  arsenious  acid  oxidized :  this  sym»K)l  is  used 
only  when  iodide  is  present  in  the  reacting  mixture.  The 
symlxjl  -t  denotes  the  amount  of  arsenic^us  acid  oxidi/ed  in 
the  absence  of  iodide. 

Under  ic  in  Table  XXI  ar-  given  the  amounts  of  iinliue 
fin  cc  of  0.01  A'  solution^  lilx-rated  by  the  oxidation  of  iwlide 
in  the  abse:)ce  of  arseniojs  acid.  The  experiments  were 
carried  out  just  like  those  in  which  arsenite  was  present 
(page  58)',  and  the  ic  readings  were  obtained  from  the  readings 
of  the  small  thiosulphate  burette.  The  numlK-rs  under  ic  in 
Tables  IV-X  and  XII-XX  were  obtained  from  these  by 
interpolation.  In  Table  XI  whtre  the  reaction  was  allowed 
to  proceed  until  the  arsenious  acid  was  completely  oxidized,  the 
numbers  under  if  (''/A)  were  calculated  from   the  equation, 

U\cak)      0.60'.-'"      ^~^'-'f       '''.    thus   allowing   for   the 

decrease  in  the  concentration  of  the  bichromate. 

In  all  of  the  experiments  the  initial  volume  was  as  near  as 

possible  300  —  ''  cc,  so  that  the  average  volume  during  the 
reaction  was  300  cc.  The  temiKjrature  was  always  0°  C 
except  in  Table  XX  and  in  one  series  of  Table  XXI  where  the 
temperature  was  10°  C. 

The  diflerence  between  the   ■:.'■■  -ouiits  of  iodine  liberated 
in  the  prcscno;  and  absence  of  arseniotjs  acid  is  entered  under 
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h-ic.     Till-   cunstant,   k' ,   is  <Utitiect  by  thi-  f(|uutioii,    k'    - 

.-^"Myi.    I         .,■     When    no    Hxlide    is    priscnt    k'    becomes 

k  of  tile  tal)K's  on  tin-  '>\i(lation  of  arscniou;:  acid  by 
cliromic  acid,  an<!  at  the  same  time  r'  hectmies  r  of  those 
tables  (i.  e.,  k  and  x  are  the  limitins;  values  of  k'  and  x'  when 
KI     n). 

In  Tables  \'-IX,  A'n  antl  Kip  (see  page  56)  represent  the 
rales  of  oxidation  of  arsenious  acid,  and  of  iodide  in  the 
presence  of  arsenious  acid  after  correcting  for  the  direct  action 
of  diromic  acid.  Since  the  concentrations  of  the  bichromate 
and  sulpluiric  acid  are  so  large  that  they  may  Ih'  regardetl  as 
constant,  the  rate,    Ka,    may  Ix'  calculated  by  the  e((uation: 

Xa      i.jok'.As 
Kelt  is  the  limiting  value  of  En  when  A"/      o. 

A  rough  approximation  to  the  rate,  Rip,  is  given  by  the 

quotient,  ;  in  this  expression,  however,  the  decrease  in 

the  concentration  of  the  arsenious  acid  during  the  reaction  is 
neglected.  In  the  experiments  of  Tables  V-IX  this  decreas*' 
is  at  most  25  percent,  and  hence  the  average  amount  of  arscnite 
present  during  the  inter\'al  is  closely  represented  hy  As-o.^x'. 
On  page  74  I  show  that  the  rate  is  proportional  to  the  con- 
centration of  the  arsenious  acid,  and  have  therefore  employed 
the  following  expression  for  calculating  the  values  of  Rip: 

_  .^      h  —  ic  As 


^ 

"/'  -       f 

As- 

-  o.sx' 

Table  IV 

As 

9-94; 

k'l,  «.9.8 

:  Cr.  20; 

Ac,  121 

; '.  22.5 

n 

h 

As  - .« 

'        x' 

ic 

h  -  ic 

-^- 

*' 

30 

1.60 

9-2.') 

0.69 

0.18 

1.42 

3.06 

0.0014 

40 

1-75 

930 

0.64 

0.31 

1.44 

2.25 

0.0013 

50 

1-93 

9.26 

0.68 

0.52 

1.41 

2.07 

0.0013 

60 

2.o.^ 

q.33 

0.61 

0.70 

1-33 

2.18 

0.0012 

70 

225 

9.28 

0.66 

0.90 

••35 

2.04 

0.0013 

80 

2.40 

9*7 

0.67 

1. 10 

1.30 

1.94 

0.0013 

Tin  huiuilioH  hy  Arsinioiis  .  ii,/,  /■./< . 
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Table  V 
.-ts.  9.94;  AV,  M.9.8;  Cr.  20;  ,4/-,  242;  /, 

* -"■        i/ 
r' 


.ij—  r' 


A'//         A'u         A'i/>      A'li 


0 



^ 



0,1  am 

0.2(13 

11.  .'63 

1 

0.43 

7<)7 

1  .01 

0.21 

(I.O«)«)f> 

0.046 

0.221 

0.2(17 

7 

0.70 

8.3a 

0.02 

0.42 

•  1.(11177 

(M173 

0.178 

0.251 

4 

6 

"•33 

8.79 

<>.c>4 

1.13 

".<«>53 

0.137 

0.122 

0.25<) 

1-53 

8.81 

0.06 

1.3" 

(1.0052 

0. 1  56 

0. 1 20 

0.27(1 

K 

l.6i> 

8.86 

t).f>8 

1.41 

o.«>o5o 

0.160 

0.1 16 

o..!76 

10 

•  •"4 

9.00 

(>.IO 

«-75 

0.004.^ 

0. 1  7a 

o.i>gt) 

0.271 

1(1 

1.98 

9.16 

cklo 

(2.40 

o.(K)36 

O.I9.S 

0.083 

0.278 

13 

1.80 

9.07 

0.14 

1.91 

0.0(140 

0.173 

0.092 

0.265 

'5 

3f) 

I.8f 

9.1a 

0.19 

2.(X> 

0.0037 

0. 1 70 

0.085 

•'•25.S 

1  88 

9.00 

0.26 

(i.7>) 

0.0043 

0.169 

•  HKJC 

o..'6H 

30 

3" 
40 

i    •<) 

9.18 

0.43 

2.07 

0.0035 

0.163 

0.08 

"•-M4 

2.17 

9.12 

0.43 

2.12 

0.0037 

0.1 82 

O.OC5 

11.267 

2.24 

9-»S 

0.63 

2-33 

o.(x>3i 

0.167 

0.07  1 

0.23S 

V> 

2.S« 

9.29 

"■95 

(2.51) 

0.0029 

0.168 

0.067 

"•-'35 

6(> 

3.70 

9.18 

i-'5 

2.04 

0.0035 

0.160 

0.08  I 

0..-41 

7t> 

3-oJ 

9-25 

«-45 

2.27 

0.0031 

0.162 

0.071 

<'.2U 

80 

330 

9.26 

1  75 

2.26 

0.0031 

0.160 

( 1.07  1 

0.231 

Note.— In  Fig*.   1 
gram-formula- weights. 


20  40 

Fig.  1  (Cf.  Tables  V  ami  VI) 

the  unit  in  which  A'/  is  represented  is  9.8 
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Table  VI 
As.  9.94;  Kf.  w.9-8;   Cr,  20;  Ac,  242:  /.  15 


As- 


Kip         Ka       Rip  +  Ra 


I     0.63 


•03 


—        i).(xx)    0.263      0.263 
0.0100    0.047    o-i^o      0-277 


2 

0.95 

7.48 

0.02 

0.38 

0.0082 

0.069 

0.189 

0.258 

7, 

1.87 

8.15 

0.03 

1.03 

0.0057 

0.134 

0.131 

0.265 

5 

2.40 

8.46 

0.05 

>-59 

0.0047 

0.169 

0.108 

0.277 

6 

2.27 

8.33 

0.06 

(1-37) 

0.0051 

0.160 

0.1 17 

0.277 

10 

2.52 

,H.56 

0.15 

1.68 

0.0043 

0.170 

0.099 

0.269 

15 

2.72 

8.6  ^ 

0.28 

1.86 

0.0041 

0.179 

0.094 

0-273 

20 

2.78 

8.6i 

0.39 

1.82 

0.0041 

0.171 

0.094 

0.265 

3" 

3-'5 

8.67 

0.64 

1.98 

0.0040 

0.178 

0.092 

0.270 

yo 

3-" 

8.74 

0.64 

2.06 

0.0037 

0.175 

0.085 

9.260 

4" 

3-34 

S.69 

0.95 

1.91 

0039 

0.166 

0.090 

0.256 

60 

4.CX) 

8.73 

1.66 

1-93 

0.0038 

0.166 

0.088 

0-253 

80 

5.00 

8.84 

2.62 

2-14 

o.<K>33 

0.166 

0.076 

0.242 

Table  VII 

As,  19.90;  KI, 

w.9.8  ; 

Cr,  20;  Ac,  242; 

t,  10 

n 

h 

As-x' 

ic        f 

h  — 

^        X' 

''        k' 

Rip 

Ra 

Rip  +  / 

0 



— 



— 

~ 

0.000 

0.536 

0-536 

4 

2.85 

'  7-f'3 

0.04 

1.24 

0.0053 

0.296 

0-243 

0-539 

6 

3-05 

17-79 

0.06 

1.41 

0.0049 

0.314 

0.224 

0-5.38 

8 

3.10 

17-77 

0.08 

1.41 

0.0049 

0.317 

0.227 

0.544 

10 

3.20 

17-83 

O.IO 

1-50 

0.0048 

0-325 

0.220 

0.545 

12 

3- 3" 

18.03 

0.14 

'•51 

0.0043 

0-330 

0.198 

0.534 

■5 

3-44 

18.07 

0.19 

>-77 

0.0042 

0.340 

0.194 

0.534 

20 

3-57 

18.12 

0.26 

1.86 

0.0041 

0.346 

0. 1 88 

0.534 

30 

3.76 

18.26 

0-43 

2.05 

0.0037 

0.347 

0.172 

0.519 

50 

4.40 

18.27 

0.95 

2.12 

0.0037 

0-359 

0.172 

0.531 

70 

4.80 

18.31 

1-45 

2.1 1 

0.0036 

0.348 

0.167 

0.515 

ae 


04 


02 


R  ip 

«  R  a 

(T 

\^ 

Rip 

. 

^«  "-J 

"Ro 

KI 

2 

0                * 

\0                  5 

10 

Fig.  J  (Cf.  Table  VII) 
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Table  VIII 
As,  9.94;  Kl.  n.9.8:  (>.  40;  .\c.  242;  /,  10 

h  -  ic 


As  —  .r' 


A'i> 


A'li        Kifi      A'u 


«) 

.^ 

— 

— 

— 

0.000 

O..S<K' 

0.500 

s 

2.87 

8  12 

0.09 

I -53 

0.0088 

».3»3 

<).2(I2 

0.511, 

10 

3>o 

8.28 

0.18 

1.76 

0.0079 

o.,^i.s 

0.183 

0.498 

IS 

V26 

8.,H 

0.33 

I.8.? 

0.0076 

0.316 

0.176 

0.49:! 

20 

3-,S5 

8.35 

0.48 

193 

0.0075 

0.331 

0.173 

0.506 

10 

V8s 

8.,VS 

0.80 

1  93 

o.(x>76 

0.329 

0-175 

0.504 

50 

4.82 

8.4(1 

1.80 

2.00 

0.0073 

0.326 

(<.i6S 

0.494 

I' 

Rip  ♦  Ro 

Rip 

02 

r 

Ro 

Kl 

20  40 

Fig.  j(Cf.  TableVIII) 

Table  IX 
As,  9.94;  Kl,  n.9-8;  Cr,  20;  Ac,  484;  /,  10 


As 


x' 


Kif 


A',i 


f\tf<      A*ii 


0 





— 

— 

— 

0.000 

0.76!; 

0  765 

5 

4-.S9 

7.12 

0.28 

I -34 

0.01  S3 

0.487 

0.306 

<'-7'J3 

10 

5.06 

7-32 

0.56 

1.72 

0.0133 

0.509 

( 1.306 

0.S15 

10 

5.33 

7-53 

0.  s6 

1.94 

0.0 1 .'  1 

0.525 

0.279 

0.804 

15 

.S.34 

7-.S8 

0.84 

2.1X> 

0.01 18 

0.525 

0.272 

0.797 

20 

6.00 

7.81 

1.20 

2.23 

11.0105 

o-,s3' 

0.242 

0.77^ 

20 

5.67 

7-57 

1.20 

1.89 

0.01 18 

0.500 

0.272 

0.772 

40 

7-50 

7-85 

2.74 

2-23 

0.0103 

0.526 

0.237 

0.763 

40 

7-44 

7- .so 

2.74 

1.93 

0.0122 

0.527 

0.281 

0.808 

60 

9.68 

8.18 

4.80 

(2.83) 

0.0085 

0.53  > 

0.  |()6 

0.727 

60 

9- '3 

7-77 

4.80 

1.83 

0.0107 

0.484 

0.247 

0.73  > 

Note.- 

— Thiov 

iilphate 

solution 

0.04  A'  wa.s  used 

in  the 

measure 

nients  of  this  table  to  avoid  a  too 

great  change  in  vclume. 
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k  — 
k 


0.8 


04 


o: 

Rip  *Ra 

Rip 

Y 

r~ 

Ro 

Kl 

20 

40 

60 

FiK.4(Cf. 

Table  IX) 

Table  X 

<  = 

9.5 

As 

lO.OO 

20.00 

10.00 

10.00 

10.00 

Kl 

245 

245 

490 

245 

245 

Cr 

I      30 

20 

20 

40 

20 

Ac 

242 

242 

242 

242 

484 

h 

2.0O 

3.60 

i        2.60 

3.60 

6.00 

As  -  x' 

9-15 

18.30 

9.18 

8.50 

7.70 

x' 

i      0.85 

1.70 

0.82 

..50 

2.30 

ic 

a35 

0.35 

0.88 

0.68 

1.40 

k—ic 

1.65 

3-25 

1-72 

2.92 

4.60 

h-ic 

'■-     X' 

1.94 

1.91 

2.10 

1-95 

2.00 

k' 

0.0040 

0.0040 

0.0037 

0.0074 

0.01 19 

k 

o.oi  14 

0.CII6 

O.OI  14 

0.0217 

0.0318 

—  '-9 


'•9 


Table  XI 
As,  5.00;  Kl,  196;  Cr,  20;  Ac, 


2.0 


484 


>-7 


ic(calc.)   h  —  ic(calc.)       t 


ic  {calc. )   h  —  ic  (calc. ) 


3 

5 

9 

10 

«5 
20 

25 
30 
35 
40 

45 
50 


1.20 
1.92 

3.36 
3.80 

5-40 
6.72 
8.00 
9.20 

to.32 
11.38 
12.32 
13.16 
Noie.- 


0.35 
0.58 
1.04 
1-I5 
1.72 
2.28 
3.82 
3-32 
3.81 
4- 30 
4.83 
5-34 


0.85 

1-34 
2.32 
2.65 
3-68 
4.44 
5.18 
5-98 
6.51 
6.98 
7-50 
7.82 


55 
60 

65 
70 

75 
80 

85 

95 

100 

105 
140 
160 


13-92 
14.64 
15.28 
15.96 
16.56 
17.24 
17.92 
19.16 
19.76 
21.16 
23.6S 
25.28 


5-85 
6.38 
6.90 
7.40 
7.90 
8.40 
8.90 

9-^ 
J    ^o 
10.88 
14.20 
15.80 


8.07 
8.26 
8.38 
8.56 
8.66 
8.84 
9.02 
9.26 
9-36 
9.28 
9.48 
9.48 


In  making  the  iodine  titrations  0.04  thiosulphate  was 


used  to  avoid  a  too  great  change  in  volume. 
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Fig.  5  is  plotted  from  the  results  of  Table  XI  together 
with  the  values  of  r  from  Table  XI I  of  my  paper  on  the  oxida- 
tion of  arsenious  acid,  and  the  values  of  x'  from  Table  X\III 
of  the  present  paper. 


160 


40  60  120 

Fig.  5  (Cf.  Table  XI) 

Tabls  XII 
As,  9.94;  KI,  98;  Cr,  ao;  Ac,  242 

h-ie 


\As-%^\ 


10 1 

1.74 

9.00  ; 

0.94 

O.IO 

1.64          1.75          0.004.^ 

10 

1-93 

9.16  ' 

0.78 

C.IO 

1.88        (2.41)       (0.0036) 

IS 

2-52 

8.56 

1.38 

0.15 

2.37          '-72           0.0043 

20 

3-40 

8.23 

1.71 

a  20 

3.20          1.87           0.0041 

30 

4-75 

7-5J 

a.42 

0.30 

4.45          1.84          0.0040 
'Avg.  1.80 /I rj-.  0.0041 

Table  XIII 
As,  9.94;  KI.  196;  Cr,  20;  Ac,  242 


'i 

h 

As  —  i^\ 

x' 

If 

A  —  «V     r 

A—  i< 

X' 

k' 

1 

a98 

9.48 

0.46 

0.14 

0.84 

1.83 

0.0041 

10 

1.88 

9.00 

0.94 

0.27 

1.61 

1.71 

0.0043 

«s 

2.78 

8.63 

i-3« 

0.40 

2.38 

1.83 

0.0041 

IS 

2.74 

8.55 

1-39 

0.40 

2.34 

1.69 

0.0044 

20 

3.66 

8.23 

1.71 

0.54 

3-12 

1.82 

0.0041 

2S 

4.40 

7.84 

2.10 

0.67 

3-73 

1.78 

0.0041 

30 

5>4 

758 

2.3b 

0.81 

4-33 

Avi 

1.84 

r.    l.SoAVf, 

0.0039 
.0.0041 
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Table  XIV 
As.  9.<)4 ;  Kl,  294;  Cr.  20;  Ac,  242 


1  I  calc  )  h  —  iV  + 1' 


10   2.00 


9.18      0.43 


2.07 


0.003 ,1 


9.12 

0.4.^ 

2.12 

0.00, 7 

2-34 

2.56 

2.56 

8.67 

0.64 

1.98 

0.OC40 

3.28 

.V7.S 

3-78 

8.74 

0.64 

2.08 

0.0037 

3.28 

,V7.S 

3.67 

S.42 

0.85 

2.07 

0.0036 

V99 

4.76 

4.67 

7-74 

1.28 

2.00 

0.0036 

5 -35 

6.68 

6.59 

7.12 

1.70 

1.97 

0.(1038 

().,S0 

8.86 

8.38 

10  2.17 
i,s  3. '5 
>.S  3-" 
20  4.00 

30  5.67 
40   7.26 

A^o/e-.— The    values   of   x  of  this  table  are  taken   from  Table 

VIII  ()f  the  paper  on  the  oxidation  of  arsenious  acid;  x'ycalc.)  is 

calculated  as  described  in  the  foot-note  on  page  73. 

T.\Bi.E  XV 

As,  5.00;  Kl,  196;  (>,  20;  .4c,  242, 

/  h  As-x'         x'  if         h  —  ic       r    . -"" '-  *' 


10 

I.I.S 

4vS7 

0.43 

0.27 

0.88 

2.05 

0.0039 

«5 

1.62 

4.40 

0.60 

0.40 

1.22 

2.03 

0.0037 

20 

2.10 

4.19 

0.81 

0.54 

1.56 

1-93 

0.0038 

2.S 

2.58 

4.04 

0.96 

0.67 

1.91 

1.99 

0.0037 

30 

3.04 

3-8,S 

1. 15 

0.81 

2.23 

1.94 

0.0038 

As, 


As 


Avg.  1.99  .4 ^j^,^  0.0038 


Taim.e  XVI 
5.00:  A'/,  196;  Cr.  40;  Ac,  242 

h  -  ;V 


5 

1. 10 

4.69 

0.31 

0.24 

0.86 

( 

2.77) 

{ 0.0056) 

10 

2.02 

4.24 

0.76 

0.48 

'..S4 

2.03 

0.fX)72 

15 

2.83 

3-85 

i.>5 

0.72 

2.1 1 

1.94 

0.0076 

20 

,3.63 

3-.S8 

1.42 

0.96 

2.67 

1.88 

0.0073 

30 

5-09 

3.05 

1-95 

1.44 

3.65 

1.87 

0.0072 

Avg. 

1.93  Avg. 

c>.oo73 

Table 

XVII 

As, 

9.94;  Kl,  196 

Cr,  40 

;  At, 

242 

/ 

k 

As  —  x' 

*' 

ic 

h  -  <V 

r  ~ 

h  —  if 
x' 

*' 

.S 

1.84 

9.14 

0.80 

0.25 

i.,S9 

J. 99 

0.0073 

10 

3-46 

8.44 

1.50 

0.50 

2.96 

1.97 

0.0071 

IS 

4.87 

7-79 

2. 1.") 

''•75 

4,12 

Avg. 

1.92 
1-95  A.vg 

0.0071 
.  0.0072 
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Table  XVIII 
.4.5,  .s.t)o;  Kl.  ig6;  Cr.  20:  Ac.  484 


As-x- 


h      u 


h  —  if 


s 

1.90 

4-,^o 

0.70 

0.60 

i.,W 

1.86 

(i>.oi,;i ) 

10 

3-59 

.V8o 

1.20 

1.20 

2..W 

1.99 

ll.OI  1  ) 

15 

.S.16 

3-37 

■  ■<>3 

1.80 

3-36 

2.06 

0.0 1 14 

20 

648 

2-95 

2.05 

2.40 

4.08 

1.99 

(1.(1 1 1 5 

.l;y.  i.(>8  AVt;.  0.01  16 


Table  XIX 
.4^,  9.94:  KI.  196:   Cr,  2o;  .4r,  484 

A  — 


As-x' 


h  —  ic 


5  3-05 
10  .S.67 
15       8.03 


8.61 

7-.S7 
6.64 


'•33 
2-^7 
,V3o 


0.60         2.4,S  1.84  (.0.01 2,s) 

1.20        4.47  1.89  0.01 18 

I. So        6.25  1.89  0,0117 

Avfi.  1.87  .42^'.  0.0118 


Table  XX 
As,  9.94;  KI,  196;  Cr.  20;  .4r,  242  (  Temperature  10"  C) 

h  -  « 


/*i-.r' 


h  -  ic 


10 

2-.S.S 

8.()0 

1.04 

o.3,s 

2.20 

2.1 

0.004H 

15 

.3..S3 

8.26 

1.68 

0.,S2 

3.01 

1.8 

o.no54 

20 

4.56 

7.84 

2.10 

0.70 

,V86 

1.8 

l).()0,S2 

25 

5-55 

7-33 

2.61 

0.87 

4.68 

4 

1.8 
....    .  .,     1 

0.(X),S,^ 

Table  XXI 
KI,  98;  0-,  20; 

.4f,  242        KI,  i(>6;  Cr,  20;  Ac,    242     a:/,  294;  C"^  -'o;  ■''".  -'42- 


«v 

/ 

0°  c 

t 

o°C 

ic 
10°  C 

t 

10°  C 

ic 

/ 

ic 

1 

0.20 

II 

0.25 

9.2 

0.30 

10 

0.48 

1  ! 

2.00 

46 

0.28 

3" 

o-.'SO 

18.7 

0.50 

"5 

0,81 

'9 

2.40 

,S7 

0.83 

86 

I.  Ill 

42 

0.85 

2.S 

1.40 

3' 

3.20 

7.S 

1.23 

120 

1.20 

4.'i-5 

1. 10 

30 

1.48 

35 

3-84 

90 
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KI,  392;  Cr,  2o;At,  242. K/,  245;  Cr,  3o;Ar,  242.  AV,  686;  Cr,  io;Ac,  24a 


0.24  42  0.87  14.5  0.31  9.5  1.33  38  0.40    2.5  2.00  13.5 

0.30  5.0  1. 00  17.0  0.50  14.0  1.68  47.5  0.80    5.5  3.55  26 

0.58  lo.o  1. 21  20.2  0.67  19.0  2.00  57  1. 10    7.S  3.75  27 

0.80  13.2  1.20  20.7  1. 02  28.5  2.64  76  1.45  10  4.1030.4 

K/,196:  Cr,  40;  Ac,  242.  K/,  196;  Cr,  20;  Ac,  484.  K/,  490;  Cr,  lo;  Ar,  242 
ic  t  ic  I  ic  t 


0.27 

5 

0.60 

'          5 

0.29 

6 

0.44 

/* 

5 

1.20 

10 

0.52 

13 

0.57 

10 

1.82 

15 

0.66 

17 

0.78 

I,S 

2.43 

20 

0.76 

195 

1.03 

20 

3.00 

25 

"•95 

25-5 

'•7.S 

35 

3.60 

3« 

J. 19 

32 

1.98 

40 

4.20 

35 

1.42 

40 

2.40 

50 

Table  XXII 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

rf 

r' 

r' 

r' 

r' 

r' 

r' 

r' 

!!..7 

1-7 

'•5 

(2.6) 

(2.8) 

1-7 

'•4 

2-4 

(2.5) 

1.6 

2.0 

1-7 

3.0 

1.4 

2.3 

'•4 

"•5 

>-5 

1-7 

1-5 

>-5 

— 

1-5 

— 

1.6 

1-5 

'•7 

— 

— 

— 

— 

■- 

— 

1-5 

••5 

— 

— 

— 

i 

— 

r" 


r" 


1.9 

1.9 

1.9 

(2.5) 

(2-7) 

1.9 

(3.5) 

2.3 

2.1 

1.8 

2.1 

1.9 

2.2 

1.8 

(3-0) 

2.1 

1.8 

1.8 

2.1 

2.0 

2.1 

1.6 

2-4 

1.9 

1.9 

1.8 

2.0 

1.8 

1.9      . 

— 

2.3 



'•7 

1.8 

1.9 

«-7 

1.8 

— 

— 

— 

— 

'•7 

1.8 

— 

— 

— 



— 

16 

1.6 

— 

— 

— 
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Table  XXIII 

Table 

\ 

IV 

V 

VI 

V 

VII 

IX 

At 

lO 

10 

10 

30 

10 

10 

KI 

300-} 

150+ 

150  ! 

300+ 

1 

150+ 

150  T 

Cr 

20 

20 

20 

20 

40 

20 

At 

121 

1     242 

242 

242 

24- 

484 

k 

0.0044 

001 14 

0.01 14 

0.0II6 

0.0217 

o.o,u8 

k' 

0.0013 

0.0037 

0.0038 

0.0037 

0.0076 

0.01 12 

k 

3-4 

3-« 

3.0 

3-' 

2.9 

2.9 

a.4 

2.1 

2.0 

2.1 

1.9 

1.9 

Table 

XII        XIII        XIV 

XV 

XVI       XVII 

XVI 11 

XIX 

Ai 

i    '° 

10         \o 

s 

5 

10 

,s 

10 

Kl 

1  98 

196       294 

196 

196 

196 

196 

196 

Cr 

;    '° 

20         20 

20 

40 

40 

20 

20 

At 

'   242 

242       242 

242 

242 

242 

484 

484 

k 

0.0114  0.0114  0.0114  0.0114  0.0200  0.021; 

'  0.0300 

0.0318 

V 

0.0041  0. 

0041  0.0037  0.0038  0.0073  0 

.0072  O.OII6  0.01  18 

.+  .=1 

'■   2.8 

2.8        3-1 

'   30 

3-0 

30 

2.6 

2-7 

k—a 

..8   ! 

1.8    !    a.i 

2.0        : 

2.0 

2.0 

1.6 

"  / 

*"      k 

1 

I 

1 

iV#fe.-See  also  Table  X. 

Discussion  of  tlie  Experimental  Data 

The  measurements  recorded  above  together  with  those 
of  my  previous  papers  on  the  action  of  chromic  acici  on  ioditle' 
and  arsenious  acid'  constitute  all  the  experimental  data  on 
which  the  theory  ueveloped  in  the  following  pages  is  based. 
In  order  to  collect  all  the  facts  together  the  generalizations 
deduced  in  the  last-mentioned  papers  are  quoted  in  the  follow- 
ing paragraphs  along  with  the  general  conclusions  drawn 
from  the  tables  of  the  present  paper. 

Effect  of  the  Concentration  of  the  Iodide 

Tables  IV-IX  (in  each  of  which  t  is  constant)  show  that 

increasing  the  concentration  of  the  iodide  cau.es  a  gradual 

""      > 'See epilation  (I)- 
'  See  equation  (2). 
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increasf  in  the  value  of  h  —  ic  (the  iodine  liberated  due  to  the 
presence  of  the  arsinious  acid),  and  a  gradual  decrease  in  the 
value  of  a'  (the  arsenious  acid  oxidized  in  the  presence  of 
iodide),  a  maximum  value  of  h  —  k  and  a  minimum  value  of 
a'  being  reached  when  the  concentration  of  the  iodide  is  about 
fifteen  times  that  of  the  arsenious  acid,  that  is,  when 
A."/-i5.4.v.  Further  increase  in  the  concentration  of  the 
iodide  dcxs  not  appreciably  affect  thesi-  limiting  values  of 
//  —  ic  and  r'. 

W  hen  the  iodide  is  in  excess  the  value  of  the  ratio,  -     ,    , 

is  2.00  witlihi  the  limit  of  the  experimental  error,  no  matter 
what  the  concentrations  of  the  other  reagents  are.  Thus  in 
Tables  XII-XX  the  average  values  of  this  ratio  are,  1.80, 
I. Ho,  2.04.  i.<;9,  i.«;,^,  i.')5.  "98-  i. 87  and  1.9  (at  1 0°  C" );  in  Table 
IV  the  values  are,  2.06,  2.25,  2.07,  2.18,  2.04  and  1.94;  and  in 
Table  X,  1.94,  191,  2.10,  1.95  and  2.00.  Additional  evi- 
dence is  afforded  by  the  measurements  of  Tables  V-IX  (Figs. 
1-4)  and  the  curves  of  Fig.  5.'  The  slight  deviations  in  both 
directions,  from  the  number  2.00  n.ust  be  ascribed  to  ex- 
p<rimental  error,  for  the  ratio  in  question  is  the  quotient  of 
two  small  numbers,  each  of  which  is  the  difference  lietween 
two  small  readings  of  the  burette,  and  owing  to  the  nature 
of  the  method  of  analysis  it  usually  happens  that  when  one 
of  these  numlx-rs  (say  «  —  ic)  is  too  small  the  other  {%')  is  too 
large. 

Tables  V-IX  and  the  curves  of  Figs.  1-4,  show  that 
addition  of  potassium  iodide  lessens  the  rate  of  oxidation  of 
arsenious  acid  by  chromic  acid,  the  retardation  increasing 
with  the  concentration  of  the  iodide  up  to  a  certain  point  from 
which  on  ( AV?,  when  A7       o,  beinj>:  equal  to  Rac), 

Ra,{KI  excess)        ■  Rac.  (7) 

Additional  evidence  of  relation  (7)  is  afforded  by  Table  XXIII 
in  which  k  is  seen  to  closely  equal  3  k' . 

'  The eui vc,  /(  —  it.  approaches  thr  linr,  \ ^  in  —  lAs,  asymptotically, 
and  simultaneously  the  curve,  x',  approaches  the  hue.  A'  =  J  -=-  As. 


wm 
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Tables  V-IX  and  Figs.  14  further  show  that  the  rate 
at  which  iixiine  is  Hberateil  in  solutions  containing  arsinious 
ami  chromic  acids,  after  correcting  for  the  direct  oxidation 
of  iodide  l)v  chromic  acid,  increases  with  the  concentration 
of  the  iotlide  up  to  a  certain  point  from  which  on, 

Rip.  (K/ev<fSs)       2R<t.  (Klexifss)  (i) 

-Rac. 
.t 

The  last  colunms  of  Tables  \'  IX  and  the  uppir  curves  of 

Figs    1-4,  show  that  the  sum,  Ka^  Nip,  that  is,   the  rate  of 

reduction   of   chromic   acid'    after   correcting    for    the   direct 

action  of  the  chromic  acid  on  the  itxlide.  is  the  same  .or  all 

concentrations  of  iodide  from  zero  up,  or, 

Ra      Ri—  fik       Rac  (9) 

that  is, 

Ra  +  Rip       Rac.  do) 

Thns  M  of  equation  (5)  is  —  R'p- 

In  the  absence  of  arsenious  acid  the  rate  of  oxidation  "f 
iodide  by  chromic  acid  is  connected  with  the  concentration 
of  the  iodide  by  a  quadratic  relation  (see  equation  1). 

"  -Oh  comparing  the  above  Tables  of  results  will,  those  on  the  oxid.Hion 
of  arsenious  acid  in  the  absence  of  iodide,  it  will  be  noticed,  however,  thnt  for 
anv  fixed  interval  of  time  the  total  oxidation  is  greater  in  the  presence  than  u. 
the  absence  of  the  iodide,  that  is,  A  -  .V  i  -« '  is  greater  than  ..  for  a  fixed  t,n,e. 
This  is  due  to  the  fact  that  in  the  former  case  the  concentration  of  the  arseni- 
ous acid  (on  which  the  A  -  ic  reading  de,,end»)  d.*s  not  fall  off  so  ra,..d ly  as 
in  the  latter  case.  If  the  average  concentration  of  the  arsenious  acid  had  re- 
mained the  same  as  it  did  in  the  experiments  in  which  iodide  was  present,  we 
would  have  for  the  value  of  x  : 


Ai.l 


x(ca  'c)  =  X. 


i" 


.■Is.t 


and  as  shown  by  Table  XIV.  xu-al.)  is  equa'l  to  the  experimentally  determined 
value,  A  -I.-  -  r'.  For  the  uielhod  of  comp-.iUliu.i,  f^ee  J.«r  Phys,  Lhem.. 
10,  4»3  ('906)- 
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Effeet  of  the  Coneentratton  of  th«  Aracnlona  Aeld 

In  thf  absence  of  iodide  the  rate  of  oxidation  of  arsenious 
acid  by  chromic  acid  is  proportional  to  the  first  power  of  the 
concunltation  of  the  ariwmioas  acid.  This  suggested  com- 
puting the  constant  of  the  "first  order"  in  the  tables  of  the 
present  paper.  The  constancy  of  k'  in  each  of  the  Tables 
XII-XX,  and  more  particularly  tlie  fact  that  changing  the 
concentration  of  the  arsenious  acid  in  these  tables  as  well  as 
in  Tables  V,  VI  and  VII,  does  not  effect  the  value  of  *',  shows 
that  in  the  presence  as  well  as  in  the  absence  of  iodide  the  rate 
of  oxidation  of  arsenious  acid  by  cnroiiiic  acid  is  proportional 
to  the  first  power  of  the  concentration  of  the  arsenious  acid. 

Since  in  the  presence  of  excess  of  iodide,  h  —  iV  =  2x' 
(sec  page  72),  the  rate  Rip  is  twice  the  rate  Ra,  {fCIexcess), 
and  is  therefore,  like  the  latter,  proportional  to  the  concen- 
tration of  the  arsenious  acid.  The  fact  that  Rip  +  Ra=^Rac 
for  all  concentrations  «if  iodide  from  zero  up,  is  also  proof  that 
Rip  is  proportional  to  the  first  power  of  the  concentration  of 
the  arsenious  acid. 

Effect  of  the  Concentration  of  the  Bichromate 

Comparison  of  Tables  V  and  VIII,  XV  and  XVI,  XIII 
and  XVII,  shows  that  doubling  the  concentration  of  the 
bichromate  almost  doubles  the  value  of  k',  that  is,  almost 
doubles  the  rate  of  oxidation  of  arsenious  acid,  Ra,  when 
iodide  is  present;  or  the  rate  Ra  is  proportional  to  about  the 
o.gth  power  of  the  concentration  of  the  bichromate. 

In  the  absence  of  iodide  the  same  relation  was  found  to 
hold;  that  is,  Rac  is  proportional  to  the  o.gth  pow  of  the 
concentration  of  the  bichromate. 

Since  in  the  presence  of  excess  of  iodide  h  —  ic  =  2x',  the 
rate  Rip  is  twice  the  rate  Ra,  {KI  excess),  and  is  therefore 
like  the  latter  proportional  to  the  same  (o.gth)  power  of  the 
concentration  of  the  bichromate;  and  the  fact  that  Rip  + 
Ra  ^Rac  is  also  proof  that  the  rate  Rip  is  proportional  to  the 
o.fjth  power  of  the  concentration  of  the  bichromate. 

In  the  absence  of  arsenious  acid  the  rate  of  oxidation  of 
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iodide  (Ru)  was  found  to  be  proportional  to  a  po«xr  ».f  the 
bichromate   slightly   less  than   the   f.rst    .except   when   very 
dilute    solutions   of    bichron.ate    were    en.plo>ed,    wlun    th 
power  was  the  first  exactly).     In  the  atove  tables  u  .s  scarcel 
Lbled  for  a  fixed  internal  by  doubling  the  concentrat.on 

of  the  bichromate. 

Thus  the  rates  Rac  Ra,  R,p  and  R,c  are  each  propor- 
tional to  a  power  of  the  concentration  ..f  the  bichromate 
slightly  less  than  the  first. 

Effect  of  the  Concentration  of  the  Sulphuric  Add 
Doubling  the  concentration  of  the  sulphuric  acid  nearh 
trebles  the  rates  Ra  and  R.p  in  T"|>>-  V  -d  ^-^ 
instants  i'  in  T-;bles  XV  and  XVIII.  XIII  and  Xl\.     Thu^ 
The  r"es  J  and  R.p  are  proportional  to  the  m''.  P<-r  of 
the  concentration  of  the  sulphuric  acid. 

The  rate  of  oxidation  of  arsenious  acid  m  the  absence  ..f 
iodide  is  also  proportional  to  the  .  .4'*  power  of  the  concentration 
o7  he  sulphuric  acid.  This  unusual  fractional  pow.r  is  thus 
common  to  the  kinetic  formulae  for  the  rates  KacKa  and 
Tp,  while  the  rate  of  oxidation  of  iodide  m  the  absence  of 
ar^nious  acid  iRic)  is  proportional  to  the  square  of  the  con- 
centration of  the  sulphuric  acid. 

Effect  of  the  Temperature 
Changing  the  temperature  from  0°  C  to  .0"  C  causes  a 
change  in  the  constant  k'  of  29  percent  (0.004.   to  0.0053. 
TaWes  XIII  and  XX).     Since  in  these  tables  h  -  u  -  ..V.  the 
rate  Rip  is  also  increased  by  the  same  amount. 

Changing  the  temperature  has  practically  the  same  efTec 
on  the  rate  of  oxidation  of  arsenious  acid  in  the  absence  of 
Lide    iRac);   the    experiments   showed    that    changing   the 
temperature  from  0°  C  to  10°  C  causes  a  change  of  26  per- 
cent in  the  constant  k  (0.0114  to  0.0144)- 

Thus  the  rates  Rac,  Ra  and  R,p  have  the  same  unusualh 
low  temperature  coefficient,  viz.,  less  than   1.3. 

The  temperature  coefficient  of  the  rate  of  oxidation  of 
iodide  by  chromic  acid  is  also  very  low,  vtz.,  1.4. 
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Short  Statement  of  the  Results 

Tlif  followiii^j  ;iri'  till'  niniral  risulls  i>f  tlu'  fxpcriini-nts: 

(I  J) 


Kac      X..-!..- (0)"".(.4/t 


K.(m  K/      ».(K/)')  Cr.(.4ry. 

Com |)are  equation  (i) 
ir"  .^s.iCryri.-U)'*  (13) 

/{a       Rip. 

Till'  constants  k'  and  k"  (k'|H'tul  on  tht  umonnt  of  icxlidL- 
])ri'si'nt :  as  tlu    c(ini-rnt,a!iu'i  nf  the  uhIuIc  incrcasi's,  k'  df- 

/,■ 


iVrl 

Rn 

Ri- 

-Ric 

Rip 

and 

Rar 

cTcasi-s  from  k,  forA.7     o,  to 
ni'ouslv  it"  increases  from  o  to  ik'  or  2 


for  A7,  f.vct.v,?;  and  sinmltu- 


When  the  iodide  is  in  excess  the  ratio        ,      is  equal    to  2. 

The  rates  A'ur,  Kn,  (A'l  imtss)  and  A'/y>,  iKI  excess)  have 
the  same  unusually  low  temperature  coefficient,  viz.,  less  than 
1.3  (from  0°  C  to  10°  C);  tlie  temperature  coefficient  for  the 
rate  Ric  is  about  1 .4. 

THEORETICAL  PART 

The  Above  results  show  that : 

(d)  The  rate  of  reduction  of  chromic  acid  in  solutions 
containing;  arsenious  acid  and  iodide  is  e()ual  to  the  sum  of 
the  rates  of  reduction  of  chromic  acid  by  arsenious  acid  and 
by  iodide  taken  separately,  or,  in  other  words,  the  accelera- 
tion of  the  rate  of  oxidation  of  iodide  is  just  equal  to  the 
retardation  in  the  rate  of  oxidation  of  arsenious  acid. 

(b)  The  effects  of  tcmjxrature  and  the  concentrations 

of  the  various  reagents   ari-    the    same    for    the   three   rates: 

(i)  Oxidation  of  arsenious  acid  by  chromic  acid  in 

the  absence  of  iodide  (Rac). 

(ii)  Oxidation  of  arsenious  acid  by  chromic  acid  in 

the  presence  of  excess  of  iodide  (A'd,  A7  excess). 

(Hi)  Oxidation  of  iodide  in  the  presence  of  arsenious 

acid,  when  the  iodide  is  in  excess  {Rip,  A'l  excess). 
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U)  The  rati..  K.i  A"./,  is  iiukiHmknt  of  the  amcviitrati.ms 
of  thi-  hichrontate  .m\  sulphuric  aci.l  f..r  all  concintrat«.ns 

"'  '"*,  jf  In  the  ubsencx-  ..f  arsc-nious  aci.l  the  rate  ..f  ..xi.lati.n. 
„f  icHlide  is  pr.>portio,u,l  t..  ,xmers  ..f  th..  cnceutratums  ., 
the  reaKentss<.uu.what.lifTerent   from  th..se  ..f  rates   u,.   uM 

"'"'SiirMtls  sUKKcst  the  thory  ..f  the  f...nati..n  ..f  a 
pritnarv  ..xi.le  when  chn.n.ic  aci.l  acts  .m  ars*n.„us  ac.l.  an.l 
the  succee.Hn«  paragraphs  will  show  that  the  alx^-  ex,.rr 
mental  results  may  U-  satisfact.,r.ly  acc.unte.l  f..r  l.v  tin 
following  assumptions. 

Assumptions 
(a)   That   arsenious  acitl  acttuR  ..n  chromic  aci.l   forms 
slowlv  a  primary  oxide. 

lb)    That   this  oxide   is  c.n.pletely   an.l   .n.tautane.,u>ly 
reduced  bv  either  arsenious  aci.l  ..r  ioduU. 

(c)    That  the  fracti.,ns  of  the  primary  ox.de  re.luce.l  l.s 
arsenious    acid    an.l    u..li.l<'    respectively,    in    s<.lutu.ns    co,.- 
tainiuK   both,  depc-nd   ou  their  relative  c.ncentrat.ons;  when 
the  ioflkle  is  in  large  excess  the  anu.unt    ..f  the  prnnarv  oxule 
reduced  by  the  arseni.,us  acid  ,s  neKhK.l)le.  ^ 

The  primary  oxi.le  may  Ih^  .me  of  the  f..ll..wmK 

As,0.'or  one  oj  Us  hydrate.,  c.  g,.  H,A.<\.  the  reactums  Inn.^ 

as  follows . 

(i)  Slow  formation  of  the  peroxide. 
Asp,  .  ^K,Cr,Cl    jff,SO,      Asp.     .Cr,<S<\.,^K,SO,     MW- 

or, 

~As6,-  Crfl.  •  2H      As(\  i  Crf,     fW-  '-4) 

(n)  Rapid  reduction  by  arsenious  aci.l  <.ri<..l.<le. 

and  .   . 

Tpo,  ^ethclTof  .leteru.iuiuK  .lu-  .iegre.  of  uxkUu-u  o:  t:a-  rfm^ry 

oxide,  see  p.  8j. 
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As,0,  +  8HI      Asfi,  A  41^  4  iHf);  or, 

'AsO,  ■  4I  \  fH      ~4sO,  +  ^/,  +  »H^O.        (16) 

(2)  An  intermediate  oxide^  oj  chromium  of  the  formula 
Crp,^,  or  one  oj  its  hydrates,  e.  g.,  H,Crfi^,Xhc  reactions  being 
as  follows ; 

(1)  Slow  formation  of  the  intermediate  oxide  (peroxide), 

Asfi,\  sK^Crfi,  =^  Asfi,  \  iKjCrfi,:  i.  e., 

Asfi,  +  4CtO,  =  Asfi,+  2Ctfi,\ 

or, 


AsO^^Crfi.       AsO^  I  Crfi^.  (14a) 

((I)   Rapid  reduction  by  arsenious  acid  or  iodide, 
Crfi,  -^  Asfi,  -    Crfi,-{- Asfi,:  or, 

Crfi^  -j  zAsb,  =■  Crfi^  -t  2A7o,     (150) 

and 

Crfi,-\  4HI      Crfi,-\  3l,+  2Hfi;  or. 

Crfi,  I  4!+  4H  =  Crfit  +  2l,  +  2Hfi     ( 1 60) 
(3)  A  mixed  peroxide  oj  arsenic  and  chromium  oj  the  same 
degree  oj  oxidation  as  (i)  aiid  (2). 

Development  of  the  Theory 

It  has  been  found  convenient  to  introduce  the  symbol 
Rp,  for  the  rate  of  formation  of  the  hypothetical  oxide,  ac- 
cording to  equations  (14)  or  04a),  the  unit  being  0.25X10"' 
formula-weights  if  the  oxide  Asfi,  be  assumed,  or  0.5X10"' 
formula-weights  if  the  oxide  Crfi,  be  assumed,  and  the  symbol 
Kap  for  the  rate  of  oxidation  of  arsenious  acid  by  peroxide, 
according  to  equations  (15)  and  (15a).  Rip  has  already  been 
introtluced  (page  57) :  it  may  now  be  defined  as  the  rate  of 
oxidation  of  iodide  by  peroxide,  as  in  equations  (16)  and 
(16a). 

If  the  solution  contains  chromic  and  arsenious  acids  only, 
then  for  every  unit  of  arsenious  acid  oxidized  in  the  first  stage 

'  Although  the  formula  Cr^O,  contain*  lew  oxygen  than  the  fomuU 
CrOi  I  shall  speak  of  it  as  a  p<Toxide  of  chromium. 
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(formation  of  peroxide,  equations  (14)  an.l  ^^a^)  two  nu.rc- 
are  oxidiz.ed  in  the  second  stage  (reduction  of  jKroxidc. 
equations  ds)  and  (i5«)).  the  final  result  U-ing  the  orn.atun. 
„?  three  units  of  arsenic  acid.  As.  by  hypothes.s.  the  s^coml 
stage  takes  place  instantaneously,  the  time  rec,».re<l  ..r  he 
formation  of  this  amount  of  arsenic  acid  is  practically  that 
involved  in  the  formation  of  a  unit  of  peroxide,  or, 


Rp-   '  -Roc. 


(•7) 


If  however,  the  solution  contains  iodide  as  well  as  ar- 
senious  acid,  both  will  be  oxidized  on  the  reduction  of  the 
peroxide,  the  total  quantity  of  iodine  and  arsenic  acid  formed 
S,  the  second  stage  amounting  to  two  units  in  all.  As  la  fore 
for  one  unit  of  peroxide  formed  and  reduced  three  units  of 
arsenic  acid  and  iodine  taken  together  are  generated,  and 


Rp      \Ra  ■  Rip). 


(18) 


Whether  iodide  be  present  or  not,  however,  for  every 
unit  of  peroxide  formed  one  unit  of  arsenious  acid  must  Ik." 
oxidized  to  arsenic  acid;'  any  additional  arsenic  acid  formed 
ildue  to  the  oxidation  of  arsenious  acid  by  the  peroxide. 

Thus,  ,     ^ 

Ra  =  Rp  +  Rap  ^'^' 

It  has  been  pointed  out  in  the  paragraph  preceding 
equation  (18).  that  two  units  of  iodine  and  arsenic  acid  counted 
together  are  formed  by  the  reduction  of  one  unit  of  peroxide; 
hfshare  of  these  two  units,  however,  that  falls  o  each 
depends  upon  the  relative  concentrations  of  the  lo^lide  and 
Sous  Sd.  As  the  concentration  of  the  iodide  is  in- 
creased the  reaction  represented  by  equation  (15)  or  Usa), 
feUs  more  and  more  into  the  background  until  in  the  presence 

of  large  excess  of  iodide. 

Rap,  (KI  excess)  =  o  (^o) 

rifT^T^Jiide  b«  Cr,0„  thU  unit  of  arsenic  acid  is.  forn.e.l  in  the  first 

su«..  Z^r^Uat:^-'U,-  Torn  the  peroxide  on  re„.ction,  e,u«tion.  ( .„ 
■nd(i6). 
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wlic'iici-  by  i'i|uati<)ii  (!'■), 

Ua.  {Kl  excess)       A'/)  (21) 

aiid  by  i-ciuation  (18), 

Rif,  (Kf  excess)       2  Rp.  ("22) 

Comparison  of  ihe  Theory  with  Re:  'lits  c  "  the  Experiments 

By  climinatiiij,'  tlu  :.  .potliitical  Rp  from  equations 
(17)  to  122)  till'  relations  clfduccd  from  the  assumptions  of 
page  77,  may  be  coinparid  with  the  experimental  results. 

The  elimination  gives: 
From  equations  (17)  and  (18), 

Ra      Rip      Rac, 

which  is  the  same  as  e(|uation  (10);  from  etjuations  (17)  and 
(21], 


Ra.(KI  excess) 


R,ic. 


which  is  the  same  as  equation   {7);  also  from  equations  (21) 

and  (22), 

Rip,  ( Kl  excess)      2Ra ,  j  KI  excess)         ■  Rac 

which  is  the  same  as  etjuation  (8). 

That  is  to  say,  the  main  quantitative  relations  between 
the  rates  of  oxidation  of  acceptor  and  inductor  are  in  accord 
ance  with  the  postulates  of  the  theory  set  forth  on  page  77. 
These  relations  are  clearly  shown  in  Tig.  6,  which  is  in  obvious 
agreement  with  Figs,  i  to  5,  where  the  curves  were  plotted 
from  the  experimental  data. 

Further  Development  of  the  Theory 

A  graphic  representation  of  the  theoretical  relations  is 
given  in  Fig  6,  where  the  dotted  line  shows  the  general  form 
of  the  Kip  curve  for  increasing  concentration  of  iodide. 

Conclusions  as  to  the  relative  effects  of  ihe  reagents  on  *he 
rates,  Rap  and  Rip  might  be  drawn  from  the  form  of  the  Rap 


Till-  liuhiilioii  l>\  .\  lull  ions  .\iii/.  I'll. 
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and  Rip  curves  hifore  tliiv  bcconu'  liori/ontal;  unfortimatily, 
thf  expiTiincntal  I'lrors  incident  to  the  nietluHl  of  analysis 
are  jjreatest  when  the  concentration  of  the  iinlide  is  small 
and   this  renders  any  detailed   study  of  the  curves  tiseUss. 


H 


Rip  «  Ra 


Rac 


Ra 


i:~ 


--  f  Roc 


Rip 


Rp 


^Roc 
Kl 


Tin.  h 

However,  from  Tables  V  and  \I  it  appears  that  in  solutions 
containinK  As  lo,  C\  20,  Ac  242,  the  rates  A'/>  and  Rap 
are  equal  when  A.7  is  aVwut  25.  If  Rip  were  projMirtioiiul 
to  the  first  power  of  the  concentration  of  the  i(Klide  then  fur 

A7-ISO,   „      would  Ih'  6;  and  if  to  the  second  power  of  the 
Raf) 

iodide,  36.  The  first  is  certainly  far  too  low  to  be  in  agree- 
ment with  the  results  while  the  second  is  not. 

Again,  cotnparison  of  Tables  \'I  and  VII  shows  that  when 
the  concentrations  of  both  the  arsenic  and  icnlide  are  doubled 

the  ratio  .       is  increased ;  or  in  other  words  the  arsenious  acid 
Rap 

has  less  efTect  on  the  rate  Rap  than  the  iodide  has  on  the  rate 

Rip;  if  Rip  be  set  proportional  to  the  second  power  of  the 

concentration   <if   the   iodide    (in   accordance    with    the   con 

elusion  reached   in   last   parajjraph),   then   Rup  must   be  s«t 

proportional  to  some  lower  power  of  the  concentration  of  the 

arsenious  acid     perhaps  the  first. 

Nature  of  the  Primary  Oxide 

As  has  lH>en  shown  on  page  77  the  experimental  results 
of  the  present  paper  accord  «(iually  well  with  either  of  the 
following  assumptions: 

(1)   .\  peroxiile  of  arsenic. 
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Kdipii  !■:.  />'  /-"';>' 


(2)  A  iKToxick-  of  chroniiuin. 
,,)  A  complex  peroxide  of  chronuun.  and  ^'■^•""^ 
I    one  is  to  choose  l^etween  these-  assun.pt.ons   addmonal 
evidence  =..  necessary.     Such  evidence  may  poss.bly  Ik-  ob- 
tiinpM  in  the  following  wavs: 

1  Vv  companL  oj  0.  pou.rs  olU,e  -«-';-;- 
spouU,,,,  to  the  rarious  hypotheses,  ^th  those  ottanud  /.y  .x- 
penment-aii  suRges'  .-d  by  \  an  t  HofT.  a^.umo- 

^       Kquations  (.4)  and  (.4<.>.  corresponding  to  the  assump 
tions  o^  a  pe-roxide  of  arsenic  and  one  of  chromium  resp.-ct.vtl> 
Zu  agrerJith  the  fact  that  the  rate  of  oxidation  of  arsen.ous 
:•  1  bv  chromic  acid  is  proportional  to  the  ^rst   po..r  of  the 

StHS^iro^rsrit^Crfr^- 

lid  as  not  being  completely  dissociated,;  and  equation  ,.4  , 

•  1  «.i,..rr.viHi-»ineacents,  such  as,  ttji's. '^y^/  »• 
IV.'Tc/^r  Kct>  ut.S  as  Indicator  for  the  iodine 
f.;'d?nd\tepng  the  concentrations  of  the  iodide  and 
hberated,  and  l^^JP^^  ^j^^  arsenious  acid 

sulphuric  acid  sufTicientK  large  to  pr 

—    .  see  0.e  paper  on  Ibe  ra.e  of  oxidation  of  arseniou,  acid  by  chromic 

■■  Zcit.  pliy^.Cbcm   46,?*"^  *. '?«?>■ 


acid. 
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arsenious  acid  the  rati-  of  oxidation  of  iodide  liy  chromic  acid 
is  accelerated;  this  is  noticeable  in  the  casi'  of  some  or^'anic 
acids  as  tartaric  and  oxalic  acids'  and  in  the  case  of  ferrous 
salts'  in  this  last  case,  however,  the  acceleration  cannot  he 
ascribed  to  the  formation  of  a  peroxi<le,  as  Miss  Benson  lias 
shown.  So  too.  hi  any  given  case,  to  account  for  the  accelera 
tion,  different  types  of  intermediate  comixiunds  may  1k' 
assumed  in  the  absence  of  definite  knowledKc  of  the  kinetics 
of  the  reactions,  and  it  is  in  this  particular  that  the  method 
suggested  by  I.uther  and  Schilow  fails. 

Summing  up  the  evidence  brought  forward  by  the  ap- 
plication of  the  above  two  mctlu)ds,  (<jI  and  (h),  we  find 
arguments  for  and  against  the  assumptions  that  the  jiriinarv 
oxide  Ls  one  of  arsenic  or  one  of  chromium,  (i)  and  ui,  but 
none  contrary  to  the  view  that  the  primary  product  is  a  com- 
plex peroxide  of  arsenic  and  chromium  {y\. 
Determlnat'on  of  the  Decree  of  Oxidation  of  a  Hypothetical 
Primary  Oxide 

The  problem  of  determining  the  degree  of  oxidation  of  an 
assumed  primary  oxide  is  of  general  interest,  and  some  metluHls 
of  doing  so  will  now  be  given,  using  the  present  case  in 
illustration. 

(a)  From  the  ratio  oj  the  quantities  oj  acceptor  a)ul  iu- 
ductor  oxidized  in  any  interval  (induction  jactur),  vhen  the 
concentration  oj  the  ac(eptor  is  so  great  thai  this  ratio  has  become 
constant  fas  employed  by  Manchot.  Luther  and  Schilow  and 

others). 

Let  f      -impasition  of  the  peroxide  \k-  represented  by  the 

general  fonnula,  .\s,l\     „.     Then  the    reaction    between  the 

peroxide  and  arsenious  acid  must  be  written; 

As/):,    «4  rAs,0,      {r     /).-1s,0, 

and  that  Ixjtween  the  peroxide  and  the  icKlide, 

AsjO,    ...      4rHl      trl,+  ^y,0.  '  2rUp. 


(2.1) 


(24) 


1  I  have  ,     lie  some  measurements  on  this  subject ,  and  llitJ*  I  hope  wion 
to  complete  and  publish. 

'  Manchot:  loc.  eit  ;  Miw'C.C    Benson:  loc.  cit. 
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Wlun  tlK'  i(Mli<U-  is  in  ixciss  reaction  i^S)  is  ncRliRihle.  and 
liince  for  fviry  iquivaknt  of  arsenic  acid  formed  »  equivalents 
of  iodine  are  lilK-rated,  or, 


(  Kl  c XI  ess)       r. 


(*S) 


where  //  -  ic  and  v'  are  the  amounts  of  i<Klide  and  of  arsenious 
acid  oxi(H/.ed  in  the  same  time  (both  (luantities  lK-in«  ex- 
pressed in  ((■  of  o.oi  .V  sohition)  see  pajje  6i. 

As  sliown  on  paRe  7-^  r  -^  '""^  ''^■"*^^'  *''''  Pt'''"''"'^'  '^ 
.»,v.,(V 

If  a  primary  oxide  of  chromium  be  assumed  the  treat- 
ment is  similar.  KeKardinR  C>(\  and  C\0,  as  the  initial 
and  final  oxides  in  the  reH-iction  of  chromic  acid,  let  the 
general  formula  of  the  peroxide  be  C,,<\  ,  Then  for  the 
formation  of  this  oxide  we  have : 


2CrO,      '^  ,  '  .1',^,      Crfi,    ,      ~\'  Asp, 
for  the  oxidation  of  arsenious  acid  by  peroxide, 

Cr,0,     ■[  As,0,: 


Ah(\ 


(26) 


(27) 


(28) 


and  for  the  reaction  between  peroxide  and  iodide, 

Crp,     ,       .'.«///       Cr,(\      sL. 
When  the  iodide  is  in  excess,  reaction  (27)  is  negligible,  hence. 

h  —  ir  .  ,,,  ,.        _:V  (2,,) 


(Kl  f.TfwO  -  -  — 
x  3  - 


As  shown  on  page  72  the  value  of  the  ratio  (/(  -   ic) :  v',  when 
tlu?  iodide  is  in  excess,  is  2,  hence  5-2,  and  the  formula  of  the 

IKToxide  is  CrjK,- 

(h)  From  the  ratio  oj  the  rates  oj  oxidation  oj  tl.r  inductor 
in  the  absence  oj  the  acceptor  to  that  in  the  presence  oj  excess  oj 
the  acceptor. 

If  the  peroxide  be  one  of  arsenic,  As,(\  ,,  we  have 
from  equations  (2,^)  and   12.4): 

A>,„-  __   Rac  —  h'aAKI excess) 


Ka,(K  I  excess) 


I,  nr, 


ka,  (Kl  ixctss) 


(vi) 


Tin-  lilihlilioil  />\'  .Irsiiiioils  Aiiii,  /:"'<. 


S, 


I  Unci'  from  tlu'  (Utiuitioiis  of  k  and  k'  <4iviii  on  luiKf  (.m 


k  k       k' 

Or  if  a  |Kroxi(K'  of  chroniiimi,  tV,f  >, 
from  equations  (26)  and  (27): 


l)c  assiiini'd,  wv   liavi- 


.? 


A'<ir      /\ii,(A7('Vff»M) 


J— > 


A'lj,  (K'Z  ixifiv) 


.i 


k' 


(,«) 


(,^0 


/v'dC 
iVa,(A.7f.Vf(.^,^) 

liciici'  also, 

/■  ?  X 

•  or,      ,, 
X'      .?      A  X-' 

In  Tablis  V   IX   it  is  stin  tl        the  value    of  tin-  ratio 

Rac-.Hii.  iKI  i.xirss)  is  very  close  .0  .v.  iHiK-f  from  i(iuatioii 

(.^o),  r     2.  and  from  equation  i,^2),  .v     2.     In  the  sunmuiry, 

Table  XXIII,  the  value  of  the  ratio,  k :  k'   is  seen  to  he  .u 

hence  aRain  r  and  .v  have  the    value   2   ie(|Uati()i.s  1,^11  and 

(^3)).     Thus  the   formula  of  the  peroxide   nuist   i)e   written. 

.•l,v,('„  or  ('»,(> J. 

(c)  I'rom  //)<  iiniouuls  oj  the  ucaftoi  o\i(lizal  in  ktioun 
inhrvals,  iissumiug  tliut  the  lav  of  tin  iniilntioii  «/  the  inductor 
hi  the  absence  of  acceptor  is  kno-un 

It  is  Kenerallv  very  difficult  to  determine  tlie  amounts 
of  each  of  two  reducing  agents  in  the  i)rcscnce  of  an  oxidi/ini; 
agent,  and  (juite  often  impossible  to  find  accurately  the 
induction  factor  (when  the  reaction  is  o\er),  in  such  ca'^'s 
if  it  is  possible  to  make  near  the  be^innini;  of  the  reaction  a 
few  m'visurcments  of  the  amo>U!t  of  acceptor  oxidi/ed  when 
this  reagent  is  in  excess,  the  degree  of  oxidation  of  the  primarv 
prcMluct  may  be  calculated  by  the  following  methods. 

The  rate  of  oxidation  of  arsenious  acid  by  chromic  acid  is 
proportional  to  the  first  jKiwer  of  the  concentration  of  the 
arsenious  acid;  thus  using  the  symbols  defined  on  i)age  62, 
we  have. 


(m) 


and  when  the  acceptor  is  present  in  excess, 


"-'.■'"-.t 


(iS) 
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Wln-n  the  acceptor  is  in  excess,  we  have,  assuming  the  formula 
of  the  peroxide  to  Ix'  Asp^    .., 

whence,  writing  <'  for  /)  -   k  to  economize  space, 


and  we  have. 


;,../,„ 


As 


(36) 


As 


where  ^  ,  a  ;  /,,  u,;  ',.  «•;  I'tc,  are  experimentally  determined 

values  of  /  and  a. 

(i)  This  equation  may  be  solved  for  >,  most  simply  by 
testing  in  turn,  the  numlMTs,  i,  2,  etc. 

If  the  rate  of  oxidation  of  the  inductor  had  Uen  propor- 
tional to  anv  other  power  of  its  concentration  than  the  first, 
an  equation  somewhat  similar  to  (36)  could  be  written,  to  be 

solved  for  r. 

(ii)  If  it  Ix'  assumed  that  the  value  of  k  in  e(;uation  (,^4! 
be  known,  »  can  be  found  fiom  the  following  equation  (which 
is  obtained  from  (31)  and  13.;)): 

/ 


/t  /   ,  As 

'+'      '         A.S- 


(37) 


by  putting  it  in  the  form, 

r      I             t  \        I  As/ 

j\_a_   '( o  y  . '{ <'  y_,_ 

tXr.As^  2^r.Ail  j\i.As/ 


■I 


(38) 


V    fraction     ".    be  verv  small  wc    have  as  a  first  ap- 
i:.is 


proximation, 


3.30  k       r      a 
r+/        fr.As 


(39) 


Tilt  fulfill  lion  li\  \rsiiiwus  .  liiif,  t'.li. 


and  siiu'i'  <i 


k  wc  ha VI', 


A.I  .\s  —  o.434j{h  -Il 


rofTiii)icXxn. 


I") 


rsiiiK  this  approximation 


the  value;  of  r'  uivtn  in  Tahk'  XXII 


were  caleulated.    It  will  Ik-  noticed  that  the  value  of  i '  (liininislus 
-  If)   increases,   Ixcause   the  ncKlected   terms  of 


as  <7  il.  e. 
equation 


(.VS)    Ix'conie    larger    and    larRer.      Hence    a    closer 


approximation  is  to  Ix'  desired : 


i.jot 


!\r.As       iKr.Asf  I 


(41) 


and  hence, 


1    (a 


2.As)^  +  8..\s{^2.3ok  l.As  —  ii)      (n  +  -'..-/O 


4.As 


i  ^oti.t.As 


of  Table  XXII.  (4*) 

The  values  of  r"  in  Table  XXII  were  calculated  by  means 

of  formula  (42). 

These  values  do  not  fall  off  so  noticeably  on  increasinK  the 

value  of  (/  (1.  f.,  h  —  ic)  as  do  the  values  of  »'  in  the  same  table. 

Both  r'  and  r"  point  to  the  number  2  as  the  value  of  1.     A 

slight  error  in  *  or  «  will  cause  a  considerable  error  in  the  value 

of  r";  this  is  noticeable  in  initial  values  of  some  of  the  tables. 
(Ill)  The  value  of  r  may  l)e  found  also  in  the  following 

manner : 


We  have 

rfx' 
dt 

2.30k'{As 

-X'), 

and  since  a  =  r 

-v'. 

it  follows  that 

da 
dt 

2.Sok'[r.As 

-a). 

whence, 

M 

a-  2 

io/t 

Vr.As 

—  a).dt      2 

3ok'{r.As.l- 

and  therefore, 

•Ik 

.■•.' 

a 

30k'{r.As 

;\...^/). 

(45) 


h 


(44) 


8M 


Kiilpii  /■'.  Ih   I. my 


f  \    ,1..//  CU! 


I  W    found  i.a?.ilv  and  aciuratily 


Now  tlif  vahu's  of 


from  tlif  plotted  lurvi',  <i.  /.  and  luiui  tlu>  valius  of  k'  and  of 
r.l.v  can  Ik-  found  bv   inians   of  t(iualion    (44 >  f"""  ''">   »"•> 
pairs  of  values  of  «i  and  / 
Thus,  vvi'  liavf 

'    ••'>         ''-,"(10,1        X)        ,'.  (4S) 

If  in  addition  tin-  'aha-  of  k  of  tcpuition  (.u>  I'c  known,  the 
value  of  r  can  bv  ditirininvd  from  tin-  above  calculated  value 
of  it'  as  in  eijualion  i,u  '• 

SUMMARY 

A  method  of  analssis,  which  may  be  of  tise  in  the  study 
(.f  other  eoniplicaled  cases  of  induced  oxidation,  is  descrilK-d. 

Addition  of  potassium  itKlide  lessens  the  rate  of  oxidation 
of  arsenious  acid  bv  chromic  acid,  the  retardation  increasinR 
with  the  concentration  of  the  iodide  up  to  a  certain  point  froni 
which  on  the  rate  of  oxidation  of  arsenious  acid  is  equal  to 
one-third  the  rate  when  no  iodide  is  present;  or  symlwlically. 

Ra^KlcxtCss)  =       .  hac. 

The  rale  at  which  iodine  is  lilxrated  in  solutions  con- 
taining arsenious  acid,  i(xlide  and  chromic  acid,  after  correct- 
in>:  for  the  direct  oxidation  of  iodide  by  chromic  acid,  in- 

I  \s  an  exainpk-  of  this  method  tlie  following  table  calculated  from  the 
datauf  Tablr  XI,  by  melliMls  described  in  Jour.  I'hys.  Cliem..  lo,  423  (1906)  is 
given. 


'[ 


(■> 

20 

(2) 

(3> 
(4) 
(5) 

25 
J" 
35 

4" 

In  this  table  <i      A  — 

(V  1 

r      1  very  closely. 

2-55 
2.96 

1.42 

4.19  10.4,  from  (3)  and  (5) 

i  of  Table  XI.     The  value  of  As  is  5.00  and  hence 


10.0,  from  (i )  and  (3) 
10.4,  from  (2)  and  u) 


'/'//.   Iii,iiiilii>ii  /'i   .  /'  w  /// 


, ;,  /,/.  I- 1, 


S.) 


cnasts  with  Uif  loiicintralidti  of  tin-  mkIhU  uji  l<>  a  nrlaiii 
point  from  uliiih  on  \\\v  rati'  of  ItlHration  of  i<Mliiu  is  twii- 
till'  rati-  of  oxidation  of  arsinious  acid  uxpn  -.sin;;  l).)tli  i(«li(li 
and  arsinious  aii<l  in  riiuivalintsi,  or. 

A'i/>       jRa.  {Kl  fxt,  >>). 
Till-  rati-  of  ridiiction  of  ihroniic  aiid     afttr  lorriitin.; 
for  till-  diri'ct  action  of  tlii'  iiMlidii  is  tlic  same  for  all  con 
ccntrations  of  iodide  from  zero  up,  or, 

A'd       A'l  — A'lr       A'li    ;    Kih       A'lif. 

I':xprcssin«  lacli  of  llic  tliric  rates,  A'.k  iralc  of  oxidation 

of  arsinious  acid  by  chromic  acid  in  the  al)sence  of  iodide  . 

A'li    irate  of  oxidation   of  arscnions  acid   in   the   presence  of 

iodidcl  and  Rip  (rate  of  Hheration  of  ioiline  afli  r  correctimr 

for  the  direct  action  of  the  chromic  acid  on  ioihde',  in  terms 

of  tlic  concentrations  of  the  reaKcnts,  we  have 

A'-u-      4-.. -/..(CV)"  ■'.(.-/.)" 

A.I        A''. .Is. (Cry ".{.Uy  > 

h;p     x"..r.(OV '.(./<)" 

where  k'  and  It"  depend  on  the  concentration  of  the  io(hde. 
When  the  iodide  is  iri  excess, 


3/'' 


.? 


The  effect  of  th'.'  temperature  on  the  rales  A'.it,  K<i 
{KI  fxci'ss)  and  Kip.  iA7  ,\cess)  is  the  same,  the  coellkient 
Ix'inH  unusually  ,;mall  (somewhat  less  than  i.,^). 

The  results  may  be  accounted  for  by  assumiiiK: 
.(u)    That    arsniious    acid    actnie.    on    iliivmn    tuU   joim> 
sUnvly  a  primary  oxiik. 

(6)  That  this  oxide  is  complitdy  and  iiL'^taiitauiOUsly  ri- 
duccd  by  either  arsenious  acid  or  iodide. 

(c)  That  the  jractiou.s  0/  the  prinuny  oxide  reduced  hy 
arsenious  acid  and  iodide  respectively,  m  solutions  coHtuiiiuig 
both,  depend  on  their  relative  concentrations:  when  the  iotlide 
is  in  large  excess  the  amouni  of  the  primars  oxidc  reduced  by 
th«;  arsenious  acid  is  negligible. 


9" 


K.dhh   I      f),     I  MIX 


I  In   |)iiiiiarv  <i\i(K'  iliiiv  In   >>iu   of  tin    lolluwiii- 
i.    A   |H!-i>\i(U    of  ^ir-itiii-   ni)riMntt.i    hv    tlir   foiimili, 
.»,.{ •„,  or  oiu   of  il-  li\.l:,itis.  ,  .  i;  .  //,  I ai  '„ 

(ji  All  iiitiriiK  liiaii-  oxiiU  of  rliroiiiiliin  "I  tin  formula, 
(r  ( »  ,  or  om- of  its  hxdrati^.  •    i;  .  //,<  ' .' '„ 

\y  A  .oiipUs  jiiroNiili  of  ar-iiiu'  and  i-liroiiniiiu  of  ilu 
saim-  (Ui;rti'  of  osidation  as  ■  i  i  ami  li' 

Otliir  tvidcii.  >  is  in  sujuiorl  of  the  view  that  (lie  ptroxidi- 
is  OIU  of  arsiiiic;  and  still  otlur  cvidiiiri  favors  tlif  assiinip- 
tion    that   ihi'  iiriniarx    osidt'   is  a  oiinpoiiii.l   of  i-hrotniuin; 

,1(1,/  ilnonuum  is,  /;,.;..:<).  in  h 't  ,iir,<i,l  1.1II1  >ill  III'  j<i(ts. 

Milhods  art'  disirilKd  liv  whii-h  tin-  (k,i;rn-  of  oxidation 
of  a  hvpolluliial  iiriinary  oxidi'  may  Ir-  (Uiirn.mfd. 

Thf  ahovt'  ixpirinuiital  work  was  compkti-d  in  tliv 
Cluuiica!    Laboratory   ,.f   the-   IriiviTsity  of  Toronto   in    May, 

I  wish  luri-  to  ixpriss  my  thanks  to  I'rotVssor  W  Lash 
MilliT  at  whosi'  sUKK'ist ion  this  ri'Sfurch  was  nndirtaktii,  for 
his  kind  advict   and  assistance  throuj,'hout. 
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